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ABSTRACT
From CCD observations carried out with different telescopes, we present short-term
photometric measurements of the large trans-Neptunian object Varuna in 10 epochs,
spanning around 19 years. We observe that the amplitude of the rotational light-curve
has changed considerably during this period of time from 0.41 to 0.55 mag. In order to
explain this variation, we constructed a model in which Varuna has a simple triaxial
shape, assuming that the main effect comes from the change of the aspect angle as
seen from Earth, due to Varuna’s orbital motion in the 19-year time span. The best
fits to the data correspond to a family of solutions with axial ratios b/a between 0.56
and 0.60. This constrains the pole orientation in two different ranges of solutions
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presented here as maps. Apart from the remarkable variation of the amplitude, we
have detected changes in the overall shape of the rotational light-curve over shorter
time scales. After the analysis of the periodogram of the residuals to a 6.343572 h
double-peaked rotational light-curve fit, we find a clear additional periodicity. We
propose that these changes in the rotational light-curve shape are due to a large and
close-in satellite whose rotation induces the additional periodicity. The peak-to-valley
amplitude of this oscillation is in the order of 0.04 mag. We estimate that the satellite
orbits Varuna with a period of 11.9819 h (or 23.9638 h), assuming that the satellite
is tidally locked, at a distance of ∼ 1300 km (or ∼ 2000 km) from Varuna, outside
the Roche limit.
Keywords: methods: observational — techniques: photometric — minor planets, as-
teroids: general — Kuiper belt objects: individual (20000 Varuna)
1. INTRODUCTION
Trans-Neptunian objects (TNOs) are solar system bodies that orbit the Sun with
larger semi-major axis than that of Neptune, formed quite outside the so-called “snow
line” where the temperature of the proto-planetary disk was low enough to allow the
survival of molecules of chemical compounds with low sublimation points. Due to the
ample distances that separate TNOs from the Sun, they have suffered less chemical
processes than other solar system bodies and may preserve material from the nebula
that generated the solar system. Hence, TNOs yield important information about
the solar system formation and its evolution.
Currently, observational searches have found ∼ 2500 TNOs (according to the data
from MPC1), although dynamical models suggest that the TNO population located
between 30 − 50 au from the Sun is around 105 objects with diameters larger than
100 km (Trujillo et al. 2001; Petit et al. 2008, 2011).
20000 Varuna is one of the most interesting TNOs due to its peculiar physical prop-
erties. It rotates relatively fast with a period of 6.34358± 0.00005 h (Belskaya et al.
2006; Santos-Sanz et al. 2013), producing a double-peaked rotational light-curve dom-
inated by its shape (e.g., Jewitt & Sheppard 2002; Lellouch et al. 2002; Hicks et al.
2005; Belskaya et al. 2006). The rotational light-curve amplitude reported in these
studies is quite large, ∼ 0.45 mag, indicating that the body is highly elongated (i.e.,
b/a < 0.66, being a and b the larger semi-axes of a triaxial body). The fast period and
the elongated shape require a density of ∼ 1000 kgm−3 (assuming hydrostatic equilib-
rium; Chandrasekhar 1987). This is somewhat high compared to other TNOs of simi-
lar sizes, considering that Varuna’s equivalent diameter is ∼ 700 km, given by thermo-
physical models using Herschel Space Telescope measurements (Lellouch et al. 2013);
see the supplementary material in Ortiz et al. (2012) to compare the density of ob-
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jects with similar sizes. However, a stellar occultation by Varuna, detected in 2010,
results in a long chord of 1004 km (Sicardy et al. 2010). This value is somewhat in
tension with the one given by Lellouch et al. (2013), but fits better with Varuna’s
density.
Motivated by all of this, we have been monitoring Varuna for nearly two decades
now, resulting in a collection of data with several rotational light-curves (light curves
in the following). In this work, we present new observations of Varuna at different
epochs (section 2). The results from these observations, together with other observa-
tions from the literature, are presented in section 3. Section 4 contains the analysis
of the set of light curves in order to obtain Varuna’s pole orientation and shape. Sec-
tion 5 displays the evidence for a possible satellite. A brief summary is presented in
section 6.
2. OBSERVATIONS AND DATA REDUCTION
We carried out eight observing campaigns from 2005 to 2019 using four different
telescopes. A log of observations is shown in online table 1.
The 1.5-m telescope at Sierra Nevada Observatory in Granada (Spain) has a CCD
VersArray with 2048× 2048 pixels, while the field of view (FoV) is 7.92′ × 7.92′ and
the image scale is 0.232′′/pixel. Observations were obtained in 2 × 2 binning mode.
The typical seeing was ∼ 1.5′′, being the point spread function well sampled for the
photometric goals.
The 1.23-m and the 2.2-m telescopes at Calar Alto Observatory are located in
Almer´ıa (Spain). The 1.23-m telescope uses a DLR-MKIII camera with 4096× 4096
pixels, while the FoV and the image scale are 21.5′ × 21.5′ and 0.315′′/pixel, respec-
tively. At the 2.2-m telescope we used two different instruments: the Bonn Univer-
sity Simultaneous CAmera (BUSCA) and the Calar Alto Faint Object Spectrograph
(CAFOS). BUSCA allows the simultaneous direct imaging of the same sky area in
four colors; each CCD has 4096 × 4096 pixels, with a FoV of 12′ × 12′ and an im-
age scale of 0.176′′/pixel. We used 2 × 2 binning mode. CAFOS is equipped with
a 2048 × 2048 pixel CCD; we used the SITe#1d chip which produces a 0.53′′/pixel
image scale and a circular FoV of 16′.
The Telescopio Nazionale Galileo (TNG), with 3.58-m diameter, is located at the
Roque de los Muchachos Observatory in Canary Islands (Spain). We used the Device
Optimized for the LOw RESolution (DOLORES) with a detector of 2048 × 2048
pixels. The image scale is 0.252′′/pixel which yields a FoV of 8.6′ × 8.6′.
Bias and twilight flat-field calibration images were taken at the beginning of each
observation night. The science images were processed by subtracting a median bias
and dividing by a median flat-field. Using the Interactive Data Language (IDL), we
developed our own code to perform these reduction steps, as well as the synthetic
aperture photometry for the time series data.
4 Ferna´ndez-Valenzuela et al.
We performed the synthetic aperture photometry using different aperture radii,
as described in Ferna´ndez-Valenzuela et al. (2016), and choosing the one in which
the dispersion of the photometry is minimal. To construct the light curves, Varuna
was compared to a set of reference stars located as close as possible to the object.
Whenever possible during each campaign, we employed the same set of comparison
stars each night in order to minimize systematic photometric errors.
3. RESULTS FROM OBSERVATIONS
From the time series observations obtained between 2005 and 2019, we have built
eight different light curves. Additionally, we used data published in the litera-
ture by Jewitt & Sheppard (2002); Lellouch et al. (2002) and Hicks et al. (2005),
thus incorporating three additional light curves to our study from previous years
(figure 1). All the light curves were corrected from light travel time. Because
Varuna’s body is assumed to have an ellipsoidal shape (e.g., Jewitt & Sheppard
2002; Lellouch et al. 2002), data from each light curve were fitted to a Fourier series
m = Σi [ai sin(2ipiφ) + bi cos(2ipiφ)], where m is the theoretical value of the relative
magnitude obtained from the fit, φ is the rotational phase (calculated as the fractional
part of (JD − JD0)/P , where JD is the Julian Date, JD0 = 2451957.0 is the initial
Julian Date, and P is the rotation period in days), and (ai, bi) are the coefficients of
the Fourier function (with i = 0, 1, 2, ...). In our specific case, we used up to second-
order (i = 2) or up to fourth-order (i = 4) Fourier functions. The second order is
the minimum order that allows a double-peaked fit; however, higher orders take into
account small deviations on inhomogeneous objects and can be used to fit light curves
that are highly sampled. The 2001, 2002A, 2011, 2018 and 2019 light curves were
fitted to a fourth-order function, while the remaining light curves were fitted to a
second-order Fourier function, because the number of data points in those runs was
not large enough to use a higher order. Data were folded using Varuna’s rotation pe-
riod of 6.343572±0.000006 h, which is obtained using the Lomb periodogram analysis
of all our data, in agreement with the previous one reported in Belskaya et al. (2006).
The peak-to-valley amplitudes ∆m (amplitudes in the following) of each light curve
are given by the absolute maximum and minimum produced by the fits.
Table 1 contains the results from the fit to each light curve, i.e., the amplitude and
the dispersion of the residuals of the Fourier function fit to the observational data.
One of the evident results is that the amplitude has changed considerably along these
19 years, with an increase of ∼ 0.13 mag. Online table 2 presents all the relative
photometry observations from 2005 to 2019.
4. VARUNA’S POLE ORIENTATION AND SHAPE
The aspect angle of a solar system body, formed by the line of sight and the rota-
tional axis of the body, changes due to the orbital motion of the body around the
Sun. This change produces a variation in the geometric cross section of the object’s
rotational modulation that is translated into a variation in the amplitude which, for
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Figure 1. Varuna’s light curves from 2001 to 2019. Each color corresponds to a dif-
ferent epoch. 2001, 2002A and 2002B data were taken from Jewitt & Sheppard (2002);
Lellouch et al. (2002) and Hicks et al. (2005), respectively. The lines over plotted to the
data points represent the fit of the observational data to the Fourier series. Error bars are
not shown to avoid a cluttered plot; the data with the uncertainties are given in the online
table 2.
a triaxial ellipsoid, is described as
∆m = −2.5 log
[
b
a
(
a2 cos2(δ) + c2 sin2(δ)
b2 cos2(δ) + c2 sin2(δ)
)1/2]
, (1)
where δ is the aspect angle and a, b, c are the semi-axes of a triaxial body (with
a > b > c; Tegler et al. 2005). The aspect angle of the body can be written as
δ =
pi
2
− arcsin [sin(βe) sin(βp) + cos(βe) cos(βp) cos(λe − λp)] , (2)
where λe and βe are the ecliptic longitude and latitude of Varuna’s-centered refer-
ence frame (given by the ephemeris), and λp and βp are the ecliptic longitude and
latitude of the pole orientation (Schroll et al. 1976). These coordinates change with
the observing epochs. In order to fit the observational data to the equation (1), we
carried out a grid search for the free parameters in the equations: b/a, c/b, λp and βp,
which gave theoretical values for ∆m (as done in Ferna´ndez-Valenzuela et al. 2017).
In a first step, we assumed hydrostatic equilibrium, thus reducing the number of free
parameters to three, as c/b is then related to b/a (Chandrasekhar 1987). We explored
b/a in the range [0.44, 0.60] at intervals of 0.02. The upper limit of 0.60 is imposed
by the measurement of the largest observed amplitude up to date (see table 1). The
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Table 1. Varuna’s light curve
amplitudes from different epochs.
Abbreviations are defined as fol-
lows: light curve amplitude (∆m);
dispersion of the residuals’ values
of the second-order Fourier func-
tion fit to the observational data
(σ).
Year ∆m σ
(mag) (mag)
2001a 0.41± 0.01 0.037
2002Ab 0.45± 0.01 0.057
2002Bc 0.47± 0.02 0.064
2005 0.46± 0.02 0.036
2009 0.50± 0.01 0.024
2011 0.50± 0.01 0.042
2012 0.49± 0.02 0.040
2014A 0.543 ± 0.009 0.030
2014B 0.57± 0.02 0.047
2018 0.545 ± 0.007 0.052
2019 0.550 ± 0.008 0.047
aData from Jewitt & Sheppard
(2002)
bData from Lellouch et al. (2002)
cData from Hicks et al. (2005)
lower limit of 0.44 is imposed by theoretical models of rotational equilibrium config-
urations of strengthless bodies (Leone et al. 1984). We explored the possible values
of λp and βp on the entire sky at intervals of 0.5
◦.
The goodness of the fit is evaluated using the χ2pdf test. The possible solutions
are those that have values of χ2pdf within the range χ
2
pdf,min + 0.584 (from the χ
2
distribution with a 0.9 level of confidence for 3 degrees of freedom; Feller 1971). As
a result, the subsequent range of values for the axis ratio b/a is [0.56, 0.60], where
the lower limit is given by the goodness of the fit. Considering the results from
the different axis ratios, we constrained the pole orientation with λp ∈ [43.0, 83.5]
◦
and βp ∈ [−70.0,−58.0]
◦ and λp ∈ [209, 220]
◦ and βp ∈ [−49.0,−35.5]
◦ (with their
complementary directions also possible).
Specifically, we obtained the χ2pdf,min = 1.904 for the following parameters: semi-axis
ratio b/a = 0.60 (with c/b = 0.72 imposed by the hydrostatic equilibrium), and pole
orientation λp = 53
◦±10◦ and βp = −64
◦±6◦ (the complementary direction λp = 233
◦
and βp = 64
◦ is also possible for the same χ2pdf value). The errors of λp and βp have
been obtained considering the values that fit within the interval of χ2pdf,min + 0.584
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Figure 2. Left panel: Model of the amplitude given by the fit to the observational data
using b/a = 0.60 (pink line, best fit), 0.58 (orange line), and 0.56 (yellow line). The grey
line represents the Varuna’s aspect angle given by the best fit. Right panel: χ2pdf map of
possible values for b/a = 0.60. Similar configurations occur for values of the axis ratios of
0.58 and 0.56.
for this specific axis ratio. Figure 2 shows the best fit given by the above values (left
panel) and a χ2pdf map as a function of λp and βp (right panel) for the specific value
of b/a = 0.60. The solution in the range of λp ∈ [209, 211]
◦ and βp ∈ [−42.0,−35.5]
◦
can be discarded making use of results from the stellar occultation that occurred in
2010 (Sicardy et al. 2010). Even if a detailed analysis will be published elsewhere,
we can advance that this yields restricted intervals for the values of λp and βp. It
turns out that the first possibility λp = 53
◦ ± 10◦, βp = −64
◦ ± 6◦ (as well as its
complementary direction) lies inside these intervals, for which the resulting area of
Varuna does not produce a geometric albedo being unnaturally small2, but this is not
the case for λp ∈ [209, 211]
◦, βp ∈ [−42.0,−35.5]
◦, for which the size of Varuna would
be too large, corresponding to an albedo well below the lower limit of 0.04 for TNOs.
In a second step, we relaxed the assumption of hydrostatic equilibrium, adding the
parameter c/b to the grid search in the range [0.5, 1.0] using steps with a length of
0.1. However, this does not lead to appreciable differences. The smallest value of
χ2pdf found is 1.905, which results in values of λp = 54
◦ and βp = −65
◦, with the
axis ratios b/a = 0.60 and c/b = 0.70, which is the equivalent result to the case of
hydrostatic equilibrium. Currently, from the best fit, Varuna is close to an “edge-
on” configuration (see left panel in figure 2), where the aspect angle is close to 90◦.
Therefore, the c-axis, which is the one that would determine whether Varuna is in
hydrostatic equilibrium or not, does not produce a strong effect on the light curve
shape, being difficult to distinguish between both scenarios.
There also exists the possibility that Varuna could be a contact binary, as hap-
pened with 2014 MU19 (Stern et al. 2019). However, this scenario was explored
by Jewitt & Sheppard (2002) and was considered very unlikely for Varuna. Note
2 The relation between the equivalent diameter and the geometric albedo is D = Cp−1/210−H/5,
where C = 1329 km is a constant, p is the geometric albedo and H is the absolute magnitude.
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that contact binaries have specific V-shaped light curves (Thirouin et al. 2017;
Thirouin and Sheppard 2017), which is not the case of Varuna.
5. INDICATIONS FOR VARUNA’S CLOSE-IN SATELLITE
Even though the signal-to-noise ratio (SNR) of the data in most of the runs was
good (well above 50), the residuals of the Fourier fits were considerably scattered,
indicating that the model may have been missing some aspect. We focused on the
data obtained during 2019, with the best SNR (∼ 80) for Varuna. In figure 3, we plot
the relative magnitude of each day versus Julian date. While the four light curves
present a good fit, at localized points there are deviations of the model with respect
to the data. Moreover, when merging the four days, the quality of the assembled
light curve decreases considerably, as the scatter of residuals increases with respect
to single night fits and the parameters of the fits change slightly from night to night.
A satellite might be responsable for changes in the shape of the main Varuna’s light
curve. In order to test the potential presence of a rotating satellite that could be
generating an additional periodicity in the photometry, we used the residuals from
the fit of the 2011, 2014A, 2014B, 2018 and 2019 light curves (which are the ones
with higher quality and better sampled) and searched for a period using the Lomb
periodogram technique (Lomb 1976) as implemented in Press et al. (1992). This tech-
nique has been largely applied to detect satellites in asteroids (e.g., Pravec and Hahn
1997; Pravec et al. 2002; Margot et al. 2015). In figure 4 we plotted the Lomb pe-
riodogram of the residuals (left panel), which gives the maximum spectral power of
45 for the frequency of 2.003 cycles/day (11.9819 h), and the residuals folded to that
period (right panel), where the blue line shows a one-order Fourier function fit. The
amplitude obtained from this fit, 0.04 mag, is related to the rotational modulation of
the satellite. Assuming that the satellite’s light curve is due to an albedo spot and
that its spin and orbit are synchronized (we will check below that this is a reasonable
assumption), the distance d at which the satellite orbits from Varuna is given by the
equation:
d3 =
T 2SGM
4pi
, (3)
where TS is the satellite’s orbital period (in seconds), G is the gravitational constant
and M =MV+MS is the mass of the system. Varuna’s mass, ∼ 10
21 kg, is estimated
taking into account a density of 1100 kgm−3, assuming hydrostatic equilibrium in a
Jacobi ellipsoid with axis ratio b/a ∈ [0.60 − 0.56], and volume-equivalent diameter
of 700 km. This results in an estimation of d ∼ 1300 km, which places the satellite
outside the Roche limit,
dR = aV
(
2
ρV
ρS
)1/3
, (4)
where aV ≃ 550 km and ρV are Varuna’s largest semi-axis and density, respectively,
and ρS is the satellite’s density. Assuming that the satellite has a density of ∼ 300
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kgm−3 (similar to 2014 MU69’s density; Stern et al. 2019), this results in a Roche
limit of 1000 km.
We should note that the satellite could have an elongated shape with a double-
peaked light-curve. This implies that the rotation period of the satellite would be
double (∼ 24 h), and so its orbital period. This would locate the satellite ∼ 2000 km
from Varuna, with no strong implications for the following calculations. The angular
distance between Varuna and the satellite is then smaller than the resolution of the
Wide Field Camera 3 installed at the Hubble Space Telescope, thus making imposible
to resolve the system.
The time required by the satellite to be tidally locked, tlock, can be obtained using
the equation given by Hubbard (1984),
tlock =
2piMVd
6
3kVGM2Sa
3
VTV0δ
, (5)
where MV is Varuna’s mass, kV is the secular Lomb number which has a value of 3/2
for homogeneous bodies, MS is the mass of the satellite, TV0 is the initial rotation rate
of Varuna and δ is expressed as arctan(1/Q) with Q is the dissipation. Assuming a
dissipation of Q = 100, and that TV0 was greater or equal than TV currently measured,
it is straightforward to calculate the dimensionless number tlock/tss with tss ≃ 1.5 ×
1017 s the age of the solar system, obtaining tlock/tss . 5× 10
9 kg× (MV/M
2
S). Using
Varuna’s largest semi-axis and its density, it follows that, as long as MS/MV ≫ 10
−6,
then the dimensionless number tlock/tss, is small. This validates the assumption that
the satellite is tidally locked, as the time required by the the satellite to enter this
configuration is much smaller than the age of the solar system.
The value obtained for the pole orientation (section 4), places the body almost in an
“edge-on” configuration, implying that mutual events produced by the satellite may
occur in the coming years, assuming that the satellite’s orbit is in Varuna’s equatorial
plane.
6. CONCLUSIONS
Time-series photometry of Varuna at different epochs have revealed a remarkable
change in the amplitude of the light curve of ∼ 0.13 mag. A geometric model that
explains this change as the rotational variability due to Varuna’s shape provides a
range of solutions for its pole orientation of λp ∈ [43.0, 83.5]
◦ and βp ∈ [−70.0,−58.0]
◦
and its axes ratio b/a ∈ [0.56, 0.60]. Nowadays, only around four TNOs have well
determined pole orientations (Pluto, Charon, Haumea and 2014 MU69), with three of
them visited by spacecrafts. Additionally, we noticed that Varuna’s light curves have
deviations from the expected behavior of a simple ellipsoidal body, and we analyzed
the periodogram of the residuals of the photometric fits to the data, finding a peak of
high spectral power for a period of 11.9819 h. This appears consistent with the idea
of the existence of a close-in satellite, separated from Varuna a distance of ∼ 1300 km
(depending on Varuna’s mass which is not accurately known). Until now, satellite
10 Ferna´ndez-Valenzuela et al.
−0.2
0.0
0.2
0.4
R
e
la
ti
v
e
 m
a
g
n
it
u
d
e 2019, Feb 4 (JD = 2458519)
-0.1
0.1
2019, Feb 5 (JD = 2458520)
−0.2
0.0
0.2
0.4
R
e
la
ti
v
e
 m
a
g
n
it
u
d
e 2019, Feb 6 (JD = 2458521)
0.0 0.1 0.2 0.3 0.4
Time (fracti n  f JD)
-0.1
0.1
2019, Feb 8 (JD = 2458523)
0.0 0.1 0.2 0.3 0.4 0.5
Time (fracti n  f JD)
Figure 3. Light curves observed during 2019, each panel correspondes to a different day
in which the corresponding data are represented by circles. The solid lines over-plotted to
the circles represent the fourth-order Fourier fit to the observational data, with each day
fitted independently. The x-axis represent the fraction of JD, which is given within the
corresponding panel. The residuals to the fit can be seen at the bottom panels.
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Figure 4. Left panel: Periodogram of the residuals of the fit to Varuna’s observational
data from years 2011, 2014, 2018 and 2019. A maximum spectral power of 45 is obtained at
2.003 cycles/day (11.9819 h). Right panel: Residuals of Varuna’s observational data from
years 2011, 2014, 2018 and 2019 (blue circles), folded to the 11.9819 h period. The blue
line represents a one-order Fourier function fit to the points.
discoveries in the trans-Neptunian region have been only accomplished using direct
imaging (Noll et al. 2008). With this work, we have illustrated that photometric
techniques can be used to reveal the existence of a satellite for an object in the trans-
Neptunian region. The light-curve technique has the potential to reveal objects much
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closer-in than the direct imaging technique, helping to remove biases in our current
knowledge of the population of binaries or bodies with satellites.
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Table 1. Log of observations.
Date Telescope Seeing (′′) Number of images
2005 1.5-m OSN 2.01 75
2009 1.5-m OSN 1.85 48
2.2-m CAHA 1.40 28
2011 1.5-m OSN 2.8 120
2.2-m CAHA 1.8 38
2012 1.5-m OSN 2.6 64
2014 semester A TNG 1.6 119
2014 semester B 1.23-m CAHA 1.7 116
2018 1.23-m CAHA 1.8 135
1.5-m OSN 2.1 255
2019 2.2-m CAHA 1.5 119
1.5-m OSN 3.9 64
1.23-m CAHA 1.7 75
Table 2. Results from the relative photometry observations
and observational circumstances. Abbreviations are define as
follows: Julian date (JD), relative magnitude (Rel. mag.), er-
ror of the relative magnitude (err.), heliocentric and topocen-
tric distances (rH and ∆, respectively), and phase angle (α).
JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2453376.23 0.1137 0.023 43.2515 42.3639 0.5659
2453376.236 0.061 0.0225 43.2515 42.3639 0.5659
2453376.242 0.0272 0.021 43.2515 42.3639 0.5659
2453376.248 -0.0367 0.0197 43.2515 42.3639 0.5659
2453376.254 -0.1125 0.0205 43.2515 42.3639 0.5659
2453376.26 -0.1196 0.0195 43.2515 42.3639 0.5659
2453376.266 -0.1338 0.0201 43.2515 42.3639 0.5659
2453376.272 -0.1345 0.0192 43.2515 42.3639 0.5659
2453376.278 -0.1235 0.0186 43.2515 42.3639 0.5659
2453376.284 -0.1198 0.0179 43.2515 42.3639 0.5659
2453378.212 0.2185 0.0199 43.2515 42.3639 0.5659
2453378.218 0.136 0.0196 43.2515 42.3639 0.5659
2453378.223 0.0685 0.0191 43.2515 42.3639 0.5659
2453378.233 0.0094 0.0189 43.2515 42.3639 0.5659
2453378.239 -0.0557 0.0198 43.2515 42.3639 0.5659
2453378.245 -0.0675 0.0234 43.2515 42.3639 0.5659
2453378.251 -0.0946 0.018 43.2515 42.3639 0.5659
2453378.257 -0.0843 0.0173 43.2515 42.3639 0.5659
2453378.263 -0.0169 0.0189 43.2515 42.3639 0.5659
2453378.272 0.0443 0.0248 43.2515 42.3639 0.5659
Continued on next page
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JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2453378.278 0.0814 0.0266 43.2515 42.3639 0.5659
2453378.284 0.1373 0.0258 43.2515 42.3639 0.5659
2453378.29 0.2022 0.0305 43.2515 42.3639 0.5659
2453402.109 0.2093 0.0428 43.2518 42.3785 0.6048
2453402.114 0.2345 0.0483 43.2518 42.3785 0.6049
2453402.119 0.1228 0.0444 43.2518 42.3786 0.605
2453402.124 0.1655 0.0391 43.2518 42.3786 0.6052
2453402.129 0.0609 0.0379 43.2518 42.3786 0.6053
2453402.134 0.0531 0.0425 43.2518 42.3787 0.6054
2453402.139 0.043 0.0412 43.2518 42.3787 0.6055
2453402.149 -0.0818 0.0297 43.2518 42.3788 0.6057
2453402.154 -0.0888 0.0263 43.2518 42.3788 0.6057
2453402.159 -0.1509 0.0299 43.2518 42.3789 0.6058
2453402.164 -0.1675 0.0248 43.2518 42.3789 0.6059
2453402.169 -0.1833 0.0245 43.2518 42.379 0.606
2453402.174 -0.2099 0.0258 43.2518 42.379 0.6061
2453402.179 -0.1963 0.0255 43.2518 42.379 0.6062
2453402.184 -0.1794 0.0273 43.2518 42.3791 0.6064
2453402.189 -0.1325 0.0257 43.2518 42.3791 0.6065
2453402.194 -0.078 0.0269 43.2518 42.3792 0.6066
2453402.199 -0.039 0.0246 43.2518 42.3792 0.6067
2453402.204 0.0524 0.0288 43.2518 42.3792 0.6068
2453402.209 0.0609 0.0243 43.2518 42.3793 0.6069
2453402.214 0.1185 0.0283 43.2518 42.3793 0.607
2453402.219 0.187 0.0278 43.2518 42.3794 0.6071
2453402.224 0.2364 0.0281 43.2518 42.3794 0.6072
2453402.229 0.2497 0.0328 43.2518 42.3794 0.6073
2453402.234 0.2339 0.0308 43.2518 42.3795 0.6074
2453402.239 0.222 0.0281 43.2518 42.3795 0.6075
2453402.243 0.2457 0.0309 43.2518 42.3796 0.6076
2453403.223 -0.2198 0.0294 43.2519 42.3877 0.6279
2453403.228 -0.2113 0.0298 43.2519 42.3877 0.628
2453403.233 -0.1772 0.0276 43.2519 42.3878 0.6281
2453403.237 -0.2157 0.0264 43.2519 42.3878 0.6282
2453403.242 -0.1643 0.0304 43.2519 42.3878 0.6283
2453412.18 0.0764 0.0625 43.2531 42.4736 0.804
2453412.186 -0.0514 0.0631 43.2531 42.4737 0.8041
2453412.192 -0.133 0.0597 43.2531 42.4737 0.8042
2453412.198 -0.173 0.0652 43.2531 42.4738 0.8043
2453412.204 -0.2201 0.0677 43.2531 42.4739 0.8044
2453412.21 -0.1873 0.0667 43.2531 42.4739 0.8045
2453412.216 -0.2359 0.0688 43.2531 42.474 0.8046
2453412.222 -0.1628 0.0643 43.2531 42.474 0.8047
Continued on next page
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JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2453412.227 -0.1938 0.0583 43.2531 42.4741 0.8048
2453412.233 -0.1429 0.0531 43.2531 42.4742 0.8049
2453412.239 -0.0978 0.0616 43.2531 42.4742 0.805
2455118.382 -0.1585 0.0269 43.4829 43.4886 1.3151
2455118.387 -0.1837 0.0238 43.4829 43.4885 1.3151
2455118.392 -0.1345 0.027 43.4829 43.4885 1.3151
2455118.396 -0.0806 0.037 43.4829 43.4884 1.3151
2455118.401 -0.061 0.0266 43.4829 43.4883 1.3151
2455118.435 0.2431 0.038 43.4829 43.4877 1.3151
2455118.44 0.259 0.033 43.4829 43.4876 1.3151
2455118.444 0.2577 0.0346 43.4829 43.4876 1.3151
2455118.449 0.2092 0.0388 43.4829 43.4875 1.3151
2455118.454 0.1857 0.0345 43.4829 43.4874 1.3151
2455119.366 0.2558 0.0315 43.483 43.4719 1.315
2455119.371 0.2029 0.034 43.483 43.4718 1.315
2455119.375 0.2112 0.0309 43.483 43.4717 1.315
2455119.38 0.1701 0.0301 43.483 43.4716 1.315
2455119.423 -0.2214 0.0241 43.483 43.4709 1.315
2455119.428 -0.2036 0.0238 43.483 43.4708 1.315
2455119.432 -0.2243 0.0185 43.483 43.4708 1.315
2455119.437 -0.2341 0.0202 43.483 43.4707 1.315
2455119.442 -0.1875 0.0209 43.483 43.4706 1.315
2455120.337 -0.0979 0.0273 43.4831 43.4554 1.3146
2455120.342 -0.1516 0.0269 43.4831 43.4553 1.3146
2455120.347 -0.1689 0.0313 43.4831 43.4552 1.3146
2455120.351 -0.186 0.0262 43.4831 43.4551 1.3146
2455120.39 -0.0065 0.0234 43.4832 43.4545 1.3145
2455120.395 0.1003 0.0255 43.4832 43.4544 1.3145
2455120.399 0.1455 0.0239 43.4832 43.4543 1.3145
2455120.404 0.1994 0.0273 43.4832 43.4542 1.3145
2455120.409 0.2254 0.0291 43.4832 43.4541 1.3145
2455120.416 0.2596 0.0278 43.4832 43.454 1.3145
2455120.42 0.1933 0.0286 43.4832 43.4539 1.3145
2455120.425 0.1807 0.0275 43.4832 43.4539 1.3145
2455120.43 0.1911 0.0272 43.4832 43.4538 1.3145
2455120.435 0.1588 0.0275 43.4832 43.4537 1.3145
2455120.439 0.1069 0.0251 43.4832 43.4536 1.3145
2455121.392 -0.1052 0.0166 43.4833 43.4374 1.3137
2455121.396 -0.1248 0.0183 43.4833 43.4373 1.3136
2455121.401 -0.1595 0.0173 43.4833 43.4373 1.3136
2455121.406 -0.207 0.0159 43.4833 43.4372 1.3136
2455121.411 -0.2016 0.0177 43.4833 43.4371 1.3136
2455121.416 -0.1928 0.017 43.4833 43.437 1.3136
Continued on next page
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JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2455121.421 -0.1963 0.0175 43.4833 43.4369 1.3136
2455121.426 -0.2006 0.0174 43.4833 43.4368 1.3136
2455121.43 -0.1372 0.0204 43.4833 43.4368 1.3136
2455121.435 -0.111 0.0199 43.4833 43.4367 1.3136
2455121.44 -0.0488 0.0216 43.4833 43.4366 1.3136
2455121.444 0.0038 0.0247 43.4833 43.4365 1.3136
2455121.449 0.0856 0.0228 43.4833 43.4364 1.3136
2455121.454 0.1397 0.0238 43.4833 43.4364 1.3136
2455120.421 0.181 0.022 43.4832 43.4539 1.3145
2455120.43 0.1492 0.0229 43.4832 43.4538 1.3145
2455120.438 0.0861 0.022 43.4832 43.4536 1.3145
2455120.446 0.0334 0.0229 43.4832 43.4535 1.3145
2455120.454 -0.0453 0.0214 43.4832 43.4534 1.3145
2455122.36 -0.0853 0.02 43.4834 43.421 1.3124
2455122.369 -0.0073 0.0186 43.4834 43.4208 1.3124
2455122.399 0.2588 0.0199 43.4834 43.4203 1.3124
2455122.407 0.237 0.0236 43.4834 43.4202 1.3124
2455122.422 0.172 0.022 43.4834 43.4199 1.3124
2455122.431 0.0829 0.0227 43.4834 43.4197 1.3124
2455122.44 -0.0165 0.0189 43.4834 43.4196 1.3123
2455122.454 -0.1546 0.0187 43.4834 43.4194 1.3123
2455122.463 -0.2305 0.0232 43.4834 43.4192 1.3123
2455122.472 -0.2247 0.0354 43.4834 43.4191 1.3123
2455123.363 -0.068 0.0191 43.4836 43.4039 1.3108
2455123.371 -0.1716 0.0159 43.4836 43.4038 1.3108
2455123.379 -0.1786 0.0182 43.4836 43.4037 1.3108
2455123.387 -0.2386 0.0187 43.4836 43.4035 1.3108
2455123.394 -0.2603 0.0188 43.4836 43.4034 1.3108
2455123.408 -0.2095 0.0204 43.4836 43.4032 1.3107
2455123.416 -0.1402 0.0195 43.4836 43.403 1.3107
2455123.424 -0.0766 0.021 43.4836 43.4029 1.3107
2455123.431 0.0428 0.0224 43.4836 43.4028 1.3107
2455123.439 0.1488 0.0238 43.4836 43.4026 1.3107
2455123.453 0.2797 0.0822 43.4836 43.4024 1.3107
2455123.461 0.2358 0.0343 43.4836 43.4023 1.3107
2455123.471 0.2001 0.0402 43.4836 43.4021 1.3107
2455593.235 -0.094379 0.0221 43.5495 42.6254 0.4486
2455593.241 -0.011979 0.025 43.5495 42.6254 0.4487
2455593.247 0.054321 0.0281 43.5495 42.6255 0.4488
2455593.253 0.171621 0.0342 43.5495 42.6255 0.449
2455593.258 0.196221 0.0325 43.5495 42.6256 0.4491
2455593.264 0.321621 0.0367 43.5495 42.6256 0.4492
2455593.27 0.365921 0.0415 43.5495 42.6256 0.4493
Continued on next page
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JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2455593.276 0.281321 0.0336 43.5495 42.6257 0.4494
2455593.282 0.242121 0.0326 43.5495 42.6257 0.4495
2455593.288 0.197921 0.0424 43.5495 42.6257 0.4497
2455593.294 0.165921 0.0367 43.5495 42.6258 0.4498
2455593.299 0.099621 0.0394 43.5495 42.6258 0.4499
2455593.308 0.046421 0.0358 43.5495 42.6258 0.4501
2455593.314 0.031021 0.0346 43.5495 42.6259 0.4502
2455593.32 -0.091779 0.0314 43.5495 42.6259 0.4503
2455593.326 -0.148579 0.0282 43.5495 42.626 0.4505
2455593.332 -0.194979 0.0271 43.5495 42.626 0.4506
2455593.338 -0.219479 0.0272 43.5495 42.626 0.4507
2455593.344 -0.277579 0.0274 43.5495 42.6261 0.4508
2455593.349 -0.261879 0.0273 43.5495 42.6261 0.451
2455593.355 -0.274879 0.0292 43.5495 42.6261 0.4511
2455593.361 -0.207579 0.0296 43.5495 42.6262 0.4512
2455593.367 -0.174179 0.0363 43.5495 42.6262 0.4513
2455593.373 -0.110279 0.0398 43.5495 42.6262 0.4515
2455593.379 -0.051479 0.0388 43.5495 42.6263 0.4516
2455593.385 0.053621 0.0408 43.5495 42.6263 0.4517
2455593.391 0.065421 0.0466 43.5495 42.6263 0.4519
2455593.396 0.183321 0.0517 43.5495 42.6264 0.452
2455593.402 0.128121 0.0559 43.5495 42.6264 0.4521
2455593.408 0.138721 0.064 43.5495 42.6264 0.4522
2455595.065 -0.1758 0.0212 43.5498 42.6368 0.4876
2455595.071 -0.2251 0.0206 43.5498 42.6368 0.4877
2455595.077 -0.2193 0.0159 43.5498 42.6369 0.4879
2455595.082 -0.1586 0.0195 43.5498 42.6369 0.488
2455595.088 -0.1033 0.0192 43.5498 42.6369 0.4881
2455595.094 -0.0754 0.0197 43.5498 42.637 0.4883
2455595.1 -0.0012 0.0202 43.5498 42.637 0.4884
2455595.109 0.1153 0.0196 43.5498 42.6371 0.4886
2455595.114 0.1468 0.0206 43.5498 42.6371 0.4887
2455595.12 0.2099 0.0217 43.5498 42.6372 0.4888
2455595.126 0.2081 0.0222 43.5498 42.6372 0.4889
2455595.132 0.1837 0.0176 43.5498 42.6372 0.4891
2455595.138 0.1242 0.0212 43.5498 42.6373 0.4892
2455595.152 0.0748 0.0177 43.5498 42.6374 0.4894
2455595.158 0.0084 0.0175 43.5498 42.6374 0.4896
2455595.164 -0.0327 0.0167 43.5498 42.6374 0.4897
2455595.17 -0.1 0.0164 43.5498 42.6375 0.4898
2455595.176 -0.156 0.0161 43.5498 42.6375 0.4899
2455595.181 -0.1903 0.0153 43.5498 42.6376 0.49
2455595.187 -0.24 0.0149 43.5498 42.6376 0.4902
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JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2455595.193 -0.2439 0.0144 43.5498 42.6376 0.4903
2455595.199 -0.2442 0.0167 43.5498 42.6377 0.4904
2455595.205 -0.2308 0.0155 43.5498 42.6377 0.4905
2455595.211 -0.218 0.0139 43.5498 42.6377 0.4907
2455595.217 -0.192 0.0155 43.5498 42.6378 0.4908
2455595.222 -0.1278 0.0136 43.5498 42.6378 0.4909
2455595.228 -0.0246 0.0159 43.5498 42.6379 0.4911
2455595.234 0.0308 0.0181 43.5498 42.6379 0.4912
2455595.24 0.1166 0.0168 43.5498 42.6379 0.4913
2455595.246 0.1929 0.0209 43.5498 42.638 0.4914
2455595.252 0.2167 0.0205 43.5498 42.638 0.4916
2455595.258 0.2052 0.0209 43.5498 42.638 0.4917
2455595.264 0.1843 0.0201 43.5498 42.6381 0.4918
2455595.269 0.2011 0.0218 43.5498 42.6381 0.4919
2455595.275 0.2054 0.0247 43.5498 42.6382 0.4921
2455595.282 0.1188 0.0231 43.5498 42.6382 0.4922
2455595.288 0.1123 0.0219 43.5498 42.6382 0.4923
2455595.294 0.0415 0.0217 43.5498 42.6383 0.4925
2455595.303 -0.0649 0.0168 43.5498 42.6383 0.4927
2455595.309 -0.1068 0.0206 43.5498 42.6384 0.4928
2455595.315 -0.1356 0.0177 43.5498 42.6384 0.4929
2455595.321 -0.1685 0.0179 43.5498 42.6385 0.493
2455595.326 -0.2209 0.0182 43.5498 42.6385 0.4932
2455595.332 -0.2035 0.0168 43.5498 42.6385 0.4933
2455595.338 -0.1758 0.0255 43.5498 42.6386 0.4934
2455595.344 -0.2051 0.0225 43.5498 42.6386 0.4936
2455595.35 -0.1425 0.0223 43.5498 42.6387 0.4937
2455595.356 -0.0476 0.0272 43.5498 42.6387 0.4938
2455595.362 0.0105 0.0274 43.5498 42.6387 0.4939
2455595.368 0.1263 0.0286 43.5498 42.6388 0.4941
2455595.373 0.1985 0.0332 43.5498 42.6388 0.4942
2455595.379 0.3257 0.044 43.5498 42.6388 0.4943
2455595.385 0.2931 0.0387 43.5498 42.6389 0.4944
2455595.391 0.2835 0.0496 43.5498 42.6389 0.4945
2455595.397 0.2392 0.0427 43.5498 42.639 0.4946
2455595.403 0.2565 0.0551 43.5498 42.639 0.4948
2455597.275 -0.0214 0.0256 43.5501 42.6518 0.5343
2455597.281 -0.1178 0.0287 43.5501 42.6519 0.5344
2455597.303 -0.26 0.0205 43.5501 42.652 0.5349
2455597.309 -0.2998 0.0221 43.5501 42.6521 0.535
2455597.315 -0.2751 0.0216 43.5501 42.6521 0.5351
2455597.322 -0.2632 0.017 43.5501 42.6522 0.5353
2455597.328 -0.1885 0.0206 43.5501 42.6522 0.5354
Continued on next page
The changing rotational light curve amplitude of Varuna 19
Table 2 – Continued from previous page
JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2455597.334 -0.1645 0.0202 43.5501 42.6522 0.5355
2455597.34 -0.0927 0.0192 43.5501 42.6523 0.5357
2455597.346 -0.001 0.0221 43.5501 42.6523 0.5358
2455597.352 0.0599 0.0255 43.5501 42.6524 0.5359
2455597.358 0.1709 0.0291 43.5501 42.6524 0.536
2455597.364 0.2509 0.0382 43.5501 42.6525 0.5361
2455597.37 0.2702 0.0356 43.5501 42.6525 0.5362
2455597.376 0.1916 0.0372 43.5501 42.6525 0.5363
2455597.382 0.2412 0.0381 43.5501 42.6526 0.5365
2455597.387 0.1727 0.0392 43.5501 42.6526 0.5366
2455597.393 0.1934 0.0432 43.5501 42.6527 0.5367
2455597.399 0.1332 0.0455 43.5501 42.6527 0.5368
2455599.042 -0.1075 0.088 43.5503 42.6648 0.5711
2455599.047 -0.1592 0.0335 43.5503 42.6649 0.5712
2455599.055 -0.0828 0.0382 43.5503 42.6649 0.5714
2455599.062 0.0196 0.068 43.5503 42.665 0.5715
2455599.068 0.1154 0.0667 43.5503 42.665 0.5716
2455599.075 0.1807 0.0412 43.5503 42.6651 0.5718
2455599.082 0.2258 0.0483 43.5503 42.6651 0.5719
2455599.089 0.1498 0.1558 43.5503 42.6652 0.572
2455599.097 0.1847 0.0236 43.5503 42.6652 0.5722
2455599.105 0.1271 0.0258 43.5503 42.6653 0.5724
2455599.112 0.0666 0.0228 43.5503 42.6654 0.5725
2455599.12 0.046 0.0213 43.5503 42.6654 0.5727
2455599.128 -0.0195 0.0337 43.5503 42.6655 0.5729
2455599.147 -0.2241 0.0582 43.5503 42.6656 0.5733
2455599.155 -0.2146 0.035 43.5503 42.6657 0.5734
2455599.163 -0.2907 0.0882 43.5503 42.6658 0.5736
2455599.17 -0.2547 0.0891 43.5503 42.6658 0.5737
2455599.178 -0.2068 0.093 43.5503 42.6659 0.5739
2455599.196 -0.0086 0.0916 43.5503 42.666 0.5742
2455599.203 0.1512 0.0274 43.5503 42.6661 0.5744
2455599.211 0.2499 0.0255 43.5503 42.6661 0.5746
2455599.219 0.1944 0.0625 43.5503 42.6662 0.5747
2455599.227 0.2027 0.0579 43.5504 42.6662 0.5749
2455599.253 0.0845 0.0769 43.5504 42.6664 0.5755
2455599.261 0.0031 0.0718 43.5504 42.6664 0.5755
2455599.268 -0.0901 0.0879 43.5504 42.6664 0.5755
2455599.276 -0.1359 0.0619 43.5504 42.6664 0.5755
2455599.284 -0.1721 0.042 43.5504 42.6664 0.5755
2455599.292 -0.1796 0.031 43.5504 42.6664 0.5755
2455599.315 -0.0547 0.0346 43.5504 42.6664 0.5755
2455599.323 0.0001 0.0315 43.5504 42.6664 0.5755
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2455599.331 0.0839 0.0354 43.5504 42.6664 0.5755
2455599.339 0.1455 0.0368 43.5504 42.6664 0.5755
2455599.347 0.1548 0.0576 43.5504 42.6664 0.5755
2455599.136 -0.1283 0.1589 43.5503 42.6656 0.5731
2455599.187 -0.123 0.1593 43.5503 42.6659 0.5741
2455599.235 0.1901 0.1571 43.5504 42.6663 0.5751
2455599.307 -0.1232 0.1576 43.5504 42.6664 0.5755
2455957.048 -0.1348 0.0472 43.6005 42.6626 0.3939
2455957.054 -0.2847 0.0374 43.6005 42.6626 0.394
2455957.06 -0.2151 0.0349 43.6006 42.6626 0.3941
2455957.065 -0.1578 0.0366 43.6006 42.6627 0.3942
2455957.071 -0.0824 0.0348 43.6006 42.6627 0.3944
2455957.077 -0.0137 0.0428 43.6006 42.6627 0.3945
2455957.083 0.0549 0.0442 43.6006 42.6628 0.3946
2455957.089 0.1367 0.0471 43.6006 42.6628 0.3947
2455957.094 0.112 0.0389 43.6006 42.6628 0.3949
2455957.1 0.1975 0.037 43.6006 42.6628 0.395
2455957.106 0.2601 0.0392 43.6006 42.6629 0.3951
2455957.112 0.1922 0.0375 43.6006 42.6629 0.3952
2455957.118 0.1224 0.0344 43.6006 42.6629 0.3954
2455957.123 0.1664 0.0345 43.6006 42.663 0.3955
2455957.129 0.1127 0.0302 43.6006 42.663 0.3956
2455957.135 0.0974 0.0302 43.6006 42.663 0.3957
2455957.141 0.0687 0.0348 43.6006 42.6631 0.3959
2455957.147 0.0457 0.0313 43.6006 42.6631 0.396
2455957.152 -0.0631 0.0275 43.6006 42.6631 0.3961
2455957.158 -0.1511 0.029 43.6006 42.6631 0.3962
2455957.164 -0.1612 0.0258 43.6006 42.6632 0.3964
2455957.17 -0.2484 0.0233 43.6006 42.6632 0.3965
2455957.176 -0.2256 0.0265 43.6006 42.6632 0.3966
2455957.182 -0.2784 0.024 43.6006 42.6633 0.3967
2455957.187 -0.2022 0.0272 43.6006 42.6633 0.3968
2455957.193 -0.1871 0.0252 43.6006 42.6633 0.3969
2455957.199 -0.172 0.025 43.6006 42.6634 0.3971
2455957.205 -0.0881 0.0302 43.6006 42.6634 0.3972
2455957.211 -0.0715 0.0291 43.6006 42.6634 0.3973
2455957.216 0.075 0.0338 43.6006 42.6634 0.3974
2455957.222 0.1111 0.0314 43.6006 42.6635 0.3975
2455957.228 0.1851 0.0333 43.6006 42.6635 0.3976
2455957.234 0.1944 0.0319 43.6006 42.6635 0.3978
2455957.24 0.2265 0.0308 43.6006 42.6636 0.3979
2455957.245 0.1486 0.0305 43.6006 42.6636 0.398
2455957.251 0.1163 0.0295 43.6006 42.6636 0.3981
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2455957.257 0.0891 0.0278 43.6006 42.6637 0.3983
2455957.263 0.0127 0.029 43.6006 42.6637 0.3984
2455957.269 -0.0281 0.0281 43.6006 42.6637 0.3985
2455957.274 -0.0542 0.0276 43.6006 42.6638 0.3986
2455957.28 -0.0821 0.0291 43.6006 42.6638 0.3988
2455957.286 -0.1447 0.0263 43.6006 42.6638 0.3989
2455957.292 -0.1953 0.0253 43.6006 42.6638 0.399
2455957.298 -0.2276 0.0226 43.6006 42.6639 0.3992
2455957.303 -0.237 0.0244 43.6006 42.6639 0.3993
2455957.309 -0.2157 0.0314 43.6006 42.6639 0.3994
2455957.315 -0.2076 0.0318 43.6006 42.664 0.3995
2455957.321 -0.199 0.0242 43.6006 42.664 0.3997
2455957.327 -0.1599 0.0288 43.6006 42.664 0.3998
2455957.332 -0.148 0.0306 43.6006 42.6641 0.3999
2455957.338 -0.0738 0.0333 43.6006 42.6641 0.4
2455957.344 -0.0034 0.0303 43.6006 42.6641 0.4002
2455957.35 0.1199 0.0359 43.6006 42.6642 0.4003
2455957.356 0.24 0.0437 43.6006 42.6642 0.4004
2455957.362 0.2258 0.0371 43.6006 42.6642 0.4005
2455957.367 0.2232 0.0459 43.6006 42.6642 0.4007
2455957.373 0.2607 0.0461 43.6006 42.6643 0.4008
2455957.379 0.1673 0.0432 43.6006 42.6643 0.4009
2455957.385 0.2198 0.0475 43.6006 42.6643 0.401
2455957.391 0.2355 0.0479 43.6006 42.6644 0.4012
2455957.396 0.1783 0.0486 43.6006 42.6644 0.4013
2455957.402 0.115 0.0475 43.6006 42.6644 0.4014
2455957.408 0.0264 0.0526 43.6006 42.6645 0.4015
2455957.414 -0.0238 0.0471 43.6006 42.6645 0.4017
2456772.098 0.1107 0.0485 43.7111 43.8706 1.2995
2456772.102 0.097 0.0275 43.7111 43.8707 1.2994
2456772.105 0.1062 0.0244 43.7111 43.8707 1.2994
2456772.108 0.167 0.0236 43.7111 43.8708 1.2994
2456772.111 0.2003 0.0215 43.7111 43.8708 1.2994
2456772.114 0.1913 0.0177 43.7111 43.8709 1.2994
2456772.118 0.1799 0.0172 43.7111 43.8709 1.2994
2456772.121 0.2394 0.0185 43.7111 43.871 1.2994
2456772.124 0.2242 0.019 43.7111 43.8711 1.2994
2456772.127 0.2089 0.0174 43.7111 43.8711 1.2994
2456772.13 0.1829 0.0194 43.7111 43.8712 1.2994
2456772.133 0.1709 0.0175 43.7111 43.8712 1.2994
2456772.137 0.1711 0.0173 43.7111 43.8713 1.2994
2456772.14 0.13 0.0167 43.7111 43.8713 1.2994
2456772.143 0.129 0.0154 43.7111 43.8714 1.2993
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2456772.146 0.0476 0.0152 43.7111 43.8714 1.2993
2456772.149 0.0296 0.0148 43.7111 43.8715 1.2993
2456772.152 0.0329 0.0149 43.7111 43.8715 1.2993
2456772.156 0.0011 0.0129 43.7111 43.8716 1.2993
2456772.159 -0.0199 0.0127 43.7111 43.8716 1.2993
2456772.162 -0.0544 0.0128 43.7111 43.8717 1.2993
2456772.165 -0.0754 0.0129 43.7111 43.8717 1.2993
2456772.168 -0.1284 0.0124 43.7111 43.8718 1.2993
2456772.172 -0.1705 0.0121 43.7111 43.8719 1.2993
2456772.175 -0.2068 0.0126 43.7111 43.8719 1.2992
2456772.178 -0.2223 0.0141 43.7111 43.872 1.2992
2456772.181 -0.2828 0.0135 43.7111 43.872 1.2992
2456772.184 -0.3462 0.0873 43.7111 43.8721 1.2992
2456772.187 -0.2695 0.0183 43.7111 43.8721 1.2992
2456772.191 -0.2689 0.0236 43.7111 43.8722 1.2992
2456772.203 -0.2531 0.0161 43.7111 43.8724 1.2991
2456772.207 -0.2552 0.0182 43.7111 43.8724 1.2991
2456772.21 -0.2296 0.0247 43.7111 43.8725 1.2991
2456772.213 -0.2038 0.0283 43.7111 43.8726 1.2991
2456772.216 -0.2153 0.0265 43.7111 43.8726 1.2991
2456772.219 -0.1322 0.042 43.7111 43.8727 1.2991
2456772.228 -0.0845 0.0585 43.7111 43.8728 1.299
2456772.232 0.0199 0.0297 43.7111 43.8729 1.299
2456772.235 0.0904 0.0336 43.7111 43.8729 1.299
2456772.238 0.099 0.0341 43.7111 43.873 1.299
2456772.241 0.2016 0.0423 43.7111 43.873 1.299
2456772.244 0.2809 0.0371 43.7111 43.8731 1.299
2456772.248 0.2009 0.0371 43.7111 43.8731 1.299
2456772.251 0.2111 0.0546 43.7111 43.8732 1.299
2456772.254 0.3112 0.0533 43.7111 43.8732 1.299
2456773.11 -0.1895 0.0195 43.7112 43.8877 1.2959
2456773.113 -0.2408 0.017 43.7112 43.8877 1.2959
2456773.116 -0.2532 0.0145 43.7112 43.8878 1.2959
2456773.119 -0.2394 0.0173 43.7112 43.8878 1.2959
2456773.122 -0.2336 0.0175 43.7112 43.8879 1.2959
2456773.126 -0.2386 0.0146 43.7112 43.8879 1.2959
2456773.129 -0.216 0.0184 43.7112 43.888 1.2959
2456773.132 -0.2034 0.0177 43.7112 43.8881 1.2959
2456773.135 -0.197 0.0152 43.7112 43.8881 1.2958
2456773.138 -0.1895 0.0166 43.7112 43.8882 1.2958
2456773.141 -0.1256 0.015 43.7112 43.8882 1.2958
2456773.145 -0.1132 0.0164 43.7112 43.8883 1.2958
2456773.148 -0.0669 0.0164 43.7112 43.8883 1.2958
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2456773.151 -0.0483 0.0151 43.7112 43.8884 1.2958
2456773.154 -0.0097 0.0171 43.7112 43.8884 1.2957
2456773.157 0.0787 0.0183 43.7112 43.8885 1.2957
2456773.161 0.0805 0.0171 43.7112 43.8885 1.2957
2456773.164 0.152 0.0168 43.7112 43.8886 1.2957
2456773.167 0.1788 0.0174 43.7112 43.8886 1.2957
2456773.17 0.1894 0.0171 43.7112 43.8887 1.2957
2456773.173 0.1982 0.0179 43.7112 43.8888 1.2957
2456773.176 0.2115 0.018 43.7112 43.8888 1.2957
2456773.18 0.1767 0.0204 43.7112 43.8889 1.2957
2456773.202 0.077 0.0212 43.7112 43.8892 1.2956
2456773.205 0.047 0.019 43.7112 43.8893 1.2956
2456773.208 0.0373 0.0186 43.7112 43.8893 1.2956
2456773.211 -0.0119 0.018 43.7112 43.8894 1.2956
2456773.215 -0.0404 0.0161 43.7112 43.8894 1.2956
2456773.218 -0.0682 0.0172 43.7112 43.8895 1.2955
2456773.221 -0.0941 0.0166 43.7112 43.8896 1.2955
2456773.224 -0.1287 0.016 43.7112 43.8896 1.2955
2456773.227 -0.159 0.0153 43.7112 43.8897 1.2955
2456773.235 -0.254 0.0278 43.7112 43.8898 1.2955
2456773.239 -0.2347 0.0413 43.7112 43.8899 1.2954
2456774.101 0.1979 0.0452 43.7113 43.9044 1.2921
2456774.105 0.2365 0.0332 43.7113 43.9044 1.2921
2456774.108 0.2089 0.0279 43.7113 43.9045 1.2921
2456774.111 0.2179 0.0288 43.7113 43.9045 1.2921
2456774.114 0.2104 0.0239 43.7113 43.9046 1.292
2456774.117 0.1941 0.0244 43.7113 43.9046 1.292
2456774.12 0.2068 0.0244 43.7113 43.9047 1.292
2456774.124 0.2199 0.0238 43.7113 43.9047 1.292
2456774.127 0.1547 0.0226 43.7113 43.9048 1.292
2456774.13 0.1478 0.0287 43.7113 43.9048 1.292
2456774.133 0.1483 0.0242 43.7113 43.9049 1.2919
2456774.136 0.0807 0.0225 43.7113 43.9049 1.2919
2456774.14 0.025 0.0191 43.7113 43.905 1.2919
2456774.143 0.0546 0.0202 43.7113 43.9051 1.2919
2456774.146 -0.0311 0.0185 43.7113 43.9051 1.2919
2456774.149 -0.0408 0.0172 43.7113 43.9052 1.2919
2456774.152 -0.0807 0.0165 43.7113 43.9052 1.2919
2456774.155 -0.1206 0.0153 43.7113 43.9053 1.2918
2456774.159 -0.1282 0.0138 43.7113 43.9053 1.2918
2456774.162 -0.1725 0.0149 43.7113 43.9054 1.2918
2456774.165 -0.1993 0.0161 43.7113 43.9054 1.2918
2456774.168 -0.2014 0.0152 43.7113 43.9055 1.2918
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2456774.171 -0.239 0.0153 43.7113 43.9055 1.2918
2456774.174 -0.2776 0.017 43.7113 43.9056 1.2918
2456774.178 -0.2622 0.0226 43.7113 43.9056 1.2918
2456774.196 -0.1648 0.0197 43.7113 43.9059 1.2917
2456774.199 -0.1231 0.021 43.7113 43.906 1.2917
2456774.202 -0.1315 0.0175 43.7113 43.9061 1.2917
2456774.205 -0.0455 0.0196 43.7113 43.9061 1.2917
2456774.209 0.0104 0.0197 43.7113 43.9062 1.2917
2456774.212 0.0283 0.0234 43.7113 43.9062 1.2917
2456774.215 0.0739 0.0293 43.7113 43.9063 1.2917
2456774.218 0.1121 0.028 43.7113 43.9063 1.2916
2456774.221 0.1143 0.0238 43.7113 43.9064 1.2916
2456774.225 0.1639 0.0305 43.7113 43.9064 1.2916
2456774.228 0.1208 0.0334 43.7113 43.9065 1.2916
2456774.231 0.2481 0.0287 43.7113 43.9065 1.2916
2456774.234 0.2061 0.0487 43.7113 43.9066 1.2916
2456774.237 0.194 0.0285 43.7113 43.9066 1.2915
2456774.24 0.1555 0.0276 43.7113 43.9067 1.2915
2456981.338 0.445 0.0335 43.7382 43.2414 1.1292
2456981.341 0.2248 0.028 43.7382 43.2413 1.1291
2456981.346 0.283 0.0269 43.7382 43.2413 1.1291
2456981.349 0.23 0.0267 43.7382 43.2412 1.129
2456981.356 0.1718 0.025 43.7382 43.2411 1.129
2456981.36 0.1583 0.0263 43.7382 43.2411 1.1289
2456981.363 0.1149 0.0265 43.7382 43.241 1.1289
2456981.367 0.09 0.0251 43.7382 43.241 1.1288
2456981.37 0.0582 0.0238 43.7382 43.2409 1.1288
2456981.374 0.0307 0.0224 43.7382 43.2408 1.1288
2456981.379 -0.1339 0.0237 43.7382 43.2408 1.1287
2456981.383 -0.1888 0.0224 43.7382 43.2407 1.1287
2456981.387 -0.1834 0.0229 43.7382 43.2407 1.1286
2456981.39 -0.2031 0.0206 43.7382 43.2406 1.1286
2456981.394 -0.2254 0.0214 43.7382 43.2406 1.1285
2456981.397 -0.2565 0.0209 43.7382 43.2405 1.1285
2456981.401 -0.2897 0.0211 43.7382 43.2405 1.1285
2456981.405 -0.28 0.0213 43.7382 43.2404 1.1284
2456981.409 -0.1737 0.0489 43.7382 43.2403 1.1284
2456981.419 -0.1286 0.023 43.7382 43.2402 1.1282
2456981.422 -0.1182 0.022 43.7382 43.2401 1.1282
2456981.426 -0.0724 0.0241 43.7382 43.2401 1.1282
2456981.43 -0.0246 0.0241 43.7382 43.24 1.1281
2456981.433 0.0313 0.0253 43.7382 43.24 1.1281
2456981.437 0.0276 0.0266 43.7382 43.2399 1.128
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2456981.44 0.0656 0.0265 43.7382 43.2399 1.128
2456981.444 0.1323 0.0277 43.7382 43.2398 1.128
2456981.448 0.1878 0.0309 43.7382 43.2398 1.1279
2456981.451 0.1614 0.0296 43.7382 43.2397 1.1279
2456981.455 0.2354 0.0328 43.7382 43.2397 1.1278
2456981.458 0.2672 0.0332 43.7382 43.2396 1.1278
2456981.462 0.2131 0.0327 43.7382 43.2396 1.1277
2456981.466 0.2306 0.0318 43.7382 43.2395 1.1277
2456981.469 0.1603 0.0298 43.7382 43.2394 1.1277
2456981.473 0.1697 0.0365 43.7382 43.2394 1.1276
2456981.476 0.1374 0.0305 43.7382 43.2393 1.1276
2456981.48 0.1195 0.0302 43.7382 43.2393 1.1275
2456981.484 0.0964 0.0314 43.7382 43.2392 1.1275
2456981.487 -0.0022 0.0321 43.7382 43.2392 1.1275
2456981.491 0.0104 0.0351 43.7382 43.2391 1.1274
2456981.494 -0.0501 0.0446 43.7382 43.2391 1.1274
2457010.19 -0.0681 0.0317 43.7419 42.8964 0.6714
2457010.195 -0.1575 0.0328 43.7419 42.8963 0.6713
2457010.2 -0.163 0.0279 43.7419 42.8963 0.6712
2457010.205 -0.2091 0.0262 43.7419 42.8962 0.6711
2457010.212 -0.1437 0.0255 43.7419 42.8962 0.671
2457010.217 -0.1518 0.026 43.7419 42.8961 0.6709
2457010.222 -0.1676 0.0242 43.7419 42.8961 0.6708
2457010.226 -0.1309 0.0222 43.7419 42.896 0.6707
2457010.231 -0.1219 0.0227 43.7419 42.896 0.6706
2457010.236 -0.0467 0.0218 43.7419 42.896 0.6705
2457010.241 -0.001 0.0239 43.7419 42.8959 0.6704
2457010.245 0.0771 0.0243 43.7419 42.8959 0.6703
2457010.25 0.1389 0.0283 43.7419 42.8958 0.6702
2457010.255 0.2121 0.027 43.7419 42.8958 0.6701
2457010.26 0.2791 0.0299 43.7419 42.8957 0.6701
2457010.264 0.2842 0.0296 43.7419 42.8957 0.67
2457010.269 0.3358 0.0281 43.7419 42.8957 0.6699
2457010.274 0.2391 0.0273 43.7419 42.8956 0.6698
2457010.279 0.265 0.0282 43.7419 42.8956 0.6697
2457010.283 0.2092 0.0273 43.7419 42.8955 0.6696
2457010.288 0.1951 0.0276 43.7419 42.8955 0.6695
2457010.293 0.1412 0.0263 43.7419 42.8955 0.6694
2457010.298 0.1046 0.027 43.7419 42.8954 0.6693
2457010.303 0.0429 0.0241 43.7419 42.8954 0.6692
2457010.307 0.0278 0.0246 43.7419 42.8953 0.6691
2457010.312 -0.0348 0.0231 43.7419 42.8953 0.669
2457010.317 -0.1097 0.0226 43.7419 42.8953 0.6689
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2457010.322 -0.1592 0.0216 43.7419 42.8952 0.6688
2457010.326 -0.1985 0.0204 43.7419 42.8952 0.6687
2457010.331 -0.2231 0.0212 43.7419 42.8951 0.6687
2457010.336 -0.2545 0.0208 43.7419 42.8951 0.6686
2457010.341 -0.2793 0.0229 43.7419 42.8951 0.6685
2457010.345 -0.2574 0.0222 43.7419 42.895 0.6684
2457010.35 -0.2563 0.0212 43.7419 42.895 0.6683
2457010.355 -0.2613 0.0215 43.7419 42.8949 0.6682
2457010.36 -0.2084 0.0234 43.7419 42.8949 0.6681
2457010.364 -0.1801 0.022 43.7419 42.8949 0.668
2457010.369 -0.103 0.0215 43.7419 42.8948 0.6679
2457010.374 -0.0198 0.0234 43.7419 42.8948 0.6678
2457010.379 0.0314 0.0252 43.7419 42.8947 0.6677
2457010.384 0.0899 0.0247 43.7419 42.8947 0.6676
2457010.388 0.1516 0.0255 43.7419 42.8947 0.6675
2457010.393 0.2211 0.0281 43.7419 42.8946 0.6674
2457010.398 0.2437 0.0279 43.7419 42.8946 0.6673
2457010.403 0.2396 0.028 43.7419 42.8945 0.6673
2457010.407 0.2568 0.0324 43.7419 42.8945 0.6672
2457010.412 0.2094 0.0316 43.7419 42.8945 0.6671
2457010.417 0.221 0.0293 43.7419 42.8944 0.667
2457010.422 0.1761 0.0289 43.7419 42.8944 0.6669
2457010.426 0.1193 0.0292 43.7419 42.8943 0.6668
2457010.431 0.1968 0.032 43.7419 42.8943 0.6667
2457010.436 0.0832 0.028 43.7419 42.8943 0.6666
2457010.441 0.0617 0.0288 43.7419 42.8942 0.6665
2457010.445 -0.0323 0.026 43.7419 42.8942 0.6664
2457010.45 -0.0594 0.0281 43.7419 42.8941 0.6663
2457010.455 -0.1379 0.0273 43.7419 42.8941 0.6662
2457010.46 -0.1861 0.0274 43.7419 42.8941 0.6661
2457010.464 -0.1968 0.0258 43.7419 42.894 0.666
2457010.469 -0.2242 0.0228 43.7419 42.894 0.6659
2457010.474 -0.2856 0.0216 43.7419 42.8939 0.6659
2457010.479 -0.2905 0.0234 43.7419 42.8939 0.6658
2457010.484 -0.2825 0.023 43.7419 42.8939 0.6657
2457010.488 -0.2058 0.0259 43.7419 42.8938 0.6656
2457010.493 -0.2077 0.0263 43.7419 42.8938 0.6655
2457010.498 -0.1687 0.0291 43.7419 42.8937 0.6654
2457010.503 -0.131 0.033 43.7419 42.8937 0.6653
2457010.507 -0.1062 0.046 43.7419 42.8937 0.6652
2458135.12 -0.1677 0.0228 43.8802 42.906 0.1839
2458135.125 -0.1574 0.0204 43.8802 42.906 0.1838
2458135.13 -0.2078 0.0225 43.8802 42.906 0.1838
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2458135.135 -0.2517 0.0219 43.8802 42.906 0.1837
2458135.139 -0.2839 0.0205 43.8802 42.9059 0.1837
2458135.144 -0.2152 0.0274 43.8802 42.9059 0.1836
2458135.149 -0.21 0.0212 43.8802 42.9059 0.1835
2458135.154 -0.2203 0.0217 43.8802 42.9059 0.1835
2458135.159 -0.1786 0.0308 43.8802 42.9059 0.1834
2458135.163 -0.0866 0.0268 43.8802 42.9059 0.1834
2458135.171 -0.032 0.024 43.8802 42.9059 0.1833
2458135.176 0.1048 0.0238 43.8802 42.9059 0.1832
2458135.182 0.1333 0.0553 43.8802 42.9059 0.1831
2458135.187 0.1586 0.0559 43.8802 42.9059 0.1831
2458135.192 0.2381 0.0525 43.8802 42.9059 0.183
2458135.197 0.0998 0.0466 43.8802 42.9059 0.183
2458135.201 0.2451 0.0339 43.8802 42.9059 0.1829
2458135.206 0.1706 0.0396 43.8802 42.9059 0.1829
2458135.211 0.1671 0.0399 43.8802 42.9059 0.1828
2458135.216 0.1609 0.0278 43.8802 42.9059 0.1827
2458135.22 0.1043 0.0286 43.8802 42.9059 0.1827
2458135.225 0.0867 0.0272 43.8802 42.9058 0.1826
2458135.23 0.0667 0.0298 43.8802 42.9058 0.1826
2458135.235 -0.008 0.0303 43.8802 42.9058 0.1825
2458135.24 -0.035 0.0251 43.8802 42.9058 0.1825
2458135.244 -0.1119 0.024 43.8802 42.9058 0.1824
2458135.249 -0.1425 0.024 43.8802 42.9058 0.1823
2458135.254 -0.2176 0.0242 43.8802 42.9058 0.1823
2458135.259 -0.2385 0.0247 43.8803 42.9058 0.1822
2458135.263 -0.2575 0.0249 43.8803 42.9058 0.1822
2458135.268 -0.2758 0.0244 43.8803 42.9058 0.1821
2458135.273 -0.2623 0.0244 43.8803 42.9058 0.1821
2458135.278 -0.2695 0.0366 43.8803 42.9058 0.182
2458135.282 -0.2358 0.024 43.8803 42.9058 0.1819
2458135.287 -0.2244 0.0261 43.8803 42.9058 0.1819
2458135.292 -0.1403 0.0283 43.8803 42.9058 0.1818
2458135.297 -0.1186 0.0246 43.8803 42.9058 0.1818
2458135.302 -0.0729 0.0306 43.8803 42.9058 0.1817
2458135.306 -0.0174 0.0374 43.8803 42.9058 0.1817
2458135.311 0.0902 0.0324 43.8803 42.9058 0.1816
2458135.316 0.1522 0.037 43.8803 42.9058 0.1816
2458135.321 0.1999 0.0404 43.8803 42.9057 0.1815
2458135.325 0.2287 0.0446 43.8803 42.9057 0.1815
2458135.33 0.2139 0.0411 43.8803 42.9057 0.1815
2458136.108 0.1712 0.037 43.8804 42.905 0.1733
2458136.112 0.2388 0.0314 43.8804 42.905 0.1732
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2458136.115 0.2635 0.0346 43.8804 42.905 0.1732
2458136.119 0.2737 0.0403 43.8804 42.905 0.1732
2458136.123 0.2696 0.0343 43.8804 42.905 0.1731
2458136.126 0.27 0.0346 43.8804 42.905 0.1731
2458136.13 0.284 0.0316 43.8804 42.905 0.1731
2458136.134 0.1564 0.0341 43.8804 42.905 0.173
2458136.142 0.1399 0.0369 43.8804 42.905 0.173
2458136.145 0.1479 0.035 43.8804 42.905 0.1729
2458136.149 0.1379 0.0248 43.8804 42.905 0.1729
2458136.152 0.114 0.0214 43.8804 42.905 0.1729
2458136.156 0.0899 0.0264 43.8804 42.905 0.1728
2458136.16 0.0275 0.023 43.8804 42.905 0.1728
2458136.163 -0.0264 0.0218 43.8804 42.9049 0.1728
2458136.167 -0.0315 0.0245 43.8804 42.9049 0.1727
2458136.17 -0.0874 0.0262 43.8804 42.9049 0.1727
2458136.174 -0.1633 0.0245 43.8804 42.9049 0.1727
2458136.178 -0.124 0.0251 43.8804 42.9049 0.1726
2458136.181 -0.1938 0.0267 43.8804 42.9049 0.1726
2458136.185 -0.2534 0.0251 43.8804 42.9049 0.1725
2458136.188 -0.2383 0.0252 43.8804 42.9049 0.1725
2458136.192 -0.2652 0.0262 43.8804 42.9049 0.1725
2458136.196 -0.235 0.0282 43.8804 42.9049 0.1724
2458136.199 -0.2528 0.025 43.8804 42.9049 0.1724
2458136.203 -0.2627 0.026 43.8804 42.9049 0.1724
2458136.207 -0.2423 0.0265 43.8804 42.9049 0.1723
2458136.21 -0.251 0.0279 43.8804 42.9049 0.1723
2458136.214 -0.2046 0.0235 43.8804 42.9049 0.1723
2458136.217 -0.1472 0.0228 43.8804 42.9049 0.1723
2458136.221 -0.1178 0.0214 43.8804 42.9049 0.1722
2458136.225 -0.0826 0.0189 43.8804 42.9049 0.1722
2458136.228 0.029 0.0226 43.8804 42.9049 0.1722
2458136.232 0.0298 0.0212 43.8804 42.9049 0.1721
2458136.235 0.1046 0.0246 43.8804 42.9049 0.1721
2458136.239 0.0308 0.0244 43.8804 42.9049 0.1721
2458136.243 0.2028 0.0276 43.8804 42.9049 0.1721
2458136.246 0.2131 0.0247 43.8804 42.9049 0.172
2458136.25 0.2301 0.0251 43.8804 42.9049 0.172
2458136.253 0.2577 0.0269 43.8804 42.9049 0.172
2458136.257 0.2577 0.0271 43.8804 42.9049 0.172
2458136.261 0.2169 0.0283 43.8804 42.9049 0.172
2458136.264 0.2004 0.0248 43.8804 42.9049 0.172
2458136.268 0.1744 0.0242 43.8804 42.9049 0.172
2458136.271 0.1636 0.0243 43.8804 42.9049 0.172
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2458136.275 0.1683 0.0259 43.8804 42.9049 0.172
2458136.279 0.1231 0.0259 43.8804 42.9049 0.172
2458136.282 0.1415 0.0244 43.8804 42.9049 0.172
2458136.286 0.0589 0.0217 43.8804 42.9049 0.172
2458136.29 0.0258 0.0254 43.8804 42.9049 0.172
2458136.293 -0.031 0.0235 43.8804 42.9049 0.172
2458136.297 -0.0516 0.0222 43.8804 42.9049 0.172
2458136.3 -0.085 0.0257 43.8804 42.9049 0.172
2458136.304 -0.1282 0.0205 43.8804 42.9049 0.172
2458136.308 -0.1698 0.0187 43.8804 42.9049 0.172
2458136.311 -0.1876 0.0204 43.8804 42.9049 0.172
2458136.315 -0.1893 0.0208 43.8804 42.9049 0.172
2458136.318 -0.2355 0.0186 43.8804 42.9049 0.172
2458136.322 -0.2641 0.0174 43.8804 42.9049 0.172
2458136.326 -0.3003 0.0171 43.8804 42.9049 0.172
2458136.329 -0.2822 0.0196 43.8804 42.9049 0.172
2458136.333 -0.2726 0.023 43.8804 42.9049 0.172
2458136.336 -0.2503 0.0257 43.8804 42.9049 0.172
2458136.34 -0.233 0.0247 43.8804 42.9049 0.172
2458136.344 -0.221 0.0235 43.8804 42.9049 0.172
2458136.347 -0.1902 0.0255 43.8804 42.9049 0.172
2458136.351 -0.1179 0.026 43.8804 42.9049 0.172
2458136.354 -0.0974 0.0266 43.8804 42.9049 0.172
2458136.358 -0.0672 0.0263 43.8804 42.9049 0.172
2458136.362 -0.0237 0.0289 43.8804 42.9049 0.172
2458136.365 0.0084 0.0303 43.8804 42.9049 0.172
2458136.369 0.1091 0.0328 43.8804 42.9049 0.172
2458136.372 0.1682 0.0345 43.8804 42.9049 0.172
2458136.376 0.1829 0.0359 43.8804 42.9049 0.172
2458136.38 0.221 0.0383 43.8804 42.9049 0.172
2458136.383 0.2272 0.0399 43.8804 42.9049 0.172
2458136.387 0.1892 0.0391 43.8804 42.9049 0.172
2458136.391 0.2513 0.0425 43.8804 42.9049 0.172
2458136.394 0.2305 0.0391 43.8804 42.9049 0.172
2458136.398 0.2394 0.0368 43.8804 42.9049 0.172
2458136.401 0.1345 0.0371 43.8804 42.9049 0.172
2458136.405 0.1453 0.0448 43.8804 42.9049 0.172
2458136.409 0.1734 0.0399 43.8804 42.9049 0.172
2458136.412 0.1028 0.0404 43.8804 42.9049 0.172
2458136.416 0.1343 0.0451 43.8804 42.9049 0.172
2458136.419 0.0991 0.0401 43.8804 42.9049 0.172
2458136.425 0.0356 0.0444 43.8804 42.9049 0.172
2458136.429 0.0085 0.0396 43.8804 42.9049 0.172
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2458136.433 -0.0583 0.0421 43.8804 42.9049 0.172
2458136.436 -0.0482 0.0461 43.8804 42.9049 0.172
2458136.44 -0.0956 0.0409 43.8804 42.9049 0.172
2458138.128 0.2184 0.0669 43.8806 42.9039 0.1599
2458138.132 -0.0102 0.055 43.8806 42.9039 0.1598
2458138.137 0.1179 0.0777 43.8806 42.9039 0.1598
2458138.142 -0.0142 0.0535 43.8806 42.9039 0.1598
2458138.146 -0.015 0.0468 43.8806 42.9039 0.1598
2458138.151 -0.0902 0.047 43.8806 42.9039 0.1598
2458138.156 -0.1656 0.0507 43.8806 42.9039 0.1598
2458138.16 -0.1315 0.0515 43.8806 42.9039 0.1597
2458138.165 -0.2784 0.0418 43.8806 42.9039 0.1597
2458138.17 -0.295 0.041 43.8806 42.9039 0.1597
2458138.174 -0.2882 0.0427 43.8806 42.9039 0.1597
2458138.179 -0.2715 0.0395 43.8806 42.9039 0.1597
2458138.183 -0.3393 0.0368 43.8806 42.9039 0.1597
2458138.188 -0.2558 0.0403 43.8806 42.9039 0.1596
2458138.193 -0.2156 0.0418 43.8806 42.9039 0.1596
2458138.197 -0.176 0.0384 43.8806 42.9039 0.1596
2458138.202 -0.0974 0.0418 43.8806 42.9039 0.1596
2458138.207 -0.1148 0.044 43.8806 42.9039 0.1596
2458138.211 0.0338 0.0439 43.8806 42.9039 0.1596
2458138.216 0.0418 0.0466 43.8806 42.9039 0.1595
2458138.221 0.1742 0.0523 43.8806 42.9039 0.1595
2458138.225 0.2153 0.0521 43.8806 42.9039 0.1595
2458138.23 0.1899 0.0626 43.8806 42.9039 0.1595
2458138.235 0.2225 0.0657 43.8806 42.9039 0.1595
2458138.239 0.2483 0.0597 43.8806 42.9039 0.1595
2458138.244 0.2341 0.0488 43.8806 42.9039 0.1594
2458138.249 0.2696 0.0493 43.8806 42.9039 0.1594
2458138.253 0.1946 0.0469 43.8806 42.9039 0.1594
2458138.258 0.1112 0.0477 43.8806 42.9039 0.1594
2458138.262 0.19 0.0485 43.8806 42.9039 0.1594
2458138.267 0.1874 0.0459 43.8806 42.9039 0.1594
2458138.272 0.0635 0.0454 43.8806 42.9039 0.1594
2458138.276 0.048 0.0435 43.8806 42.9039 0.1593
2458138.281 -0.0747 0.0399 43.8806 42.9039 0.1593
2458138.286 -0.1398 0.0419 43.8806 42.9039 0.1593
2458138.29 -0.1709 0.0386 43.8806 42.9039 0.1593
2458138.295 -0.169 0.0409 43.8806 42.9039 0.1593
2458138.3 -0.1979 0.0407 43.8806 42.9039 0.1593
2458138.304 -0.3411 0.0398 43.8806 42.9039 0.1592
2458138.309 -0.1976 0.0428 43.8806 42.9039 0.1592
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2458138.314 -0.2772 0.0431 43.8806 42.9039 0.1592
2458138.318 -0.2554 0.0398 43.8806 42.9039 0.1592
2458138.323 -0.2441 0.0386 43.8806 42.9039 0.1592
2458138.328 -0.175 0.0385 43.8806 42.9039 0.1592
2458138.332 -0.2296 0.0362 43.8806 42.9039 0.1592
2458138.337 -0.1598 0.0365 43.8806 42.9039 0.1591
2458138.341 -0.0955 0.0382 43.8806 42.9039 0.1591
2458138.346 0.0272 0.0435 43.8806 42.9039 0.1591
2458138.351 0.0061 0.0495 43.8806 42.9039 0.1591
2458138.355 0.1069 0.0596 43.8806 42.9039 0.1591
2458138.36 0.1333 0.0575 43.8806 42.9039 0.1591
2458138.365 0.1311 0.0555 43.8806 42.9039 0.159
2458138.369 0.1395 0.0655 43.8806 42.9039 0.159
2458138.374 0.258 0.0665 43.8806 42.9039 0.159
2458138.379 0.2483 0.0682 43.8806 42.9039 0.159
2458138.383 0.099 0.0594 43.8806 42.9039 0.159
2458138.388 -0.0388 0.0516 43.8806 42.9039 0.159
2458138.393 0.1933 0.0655 43.8806 42.9039 0.159
2458138.397 0.1093 0.0672 43.8806 42.9039 0.159
2458138.402 0.1183 0.069 43.8806 42.9039 0.1589
2458138.407 -0.0547 0.0642 43.8806 42.9039 0.1589
2458138.411 -0.0294 0.0558 43.8806 42.9039 0.1589
2458138.416 -0.1358 0.0506 43.8806 42.9039 0.1589
2458138.42 -0.056 0.0618 43.8806 42.9039 0.1589
2458138.425 -0.2022 0.0552 43.8806 42.9039 0.1589
2458138.43 -0.1861 0.0588 43.8806 42.9039 0.1589
2458138.434 -0.266 0.0649 43.8806 42.9039 0.1589
2458138.448 -0.0473 0.1471 43.8806 42.9039 0.1588
2458138.453 -0.2982 0.0534 43.8806 42.9039 0.1588
2458139.164 0.432 0.074 43.8807 42.9039 0.1579
2458139.168 0.3205 0.0681 43.8807 42.9039 0.1579
2458139.173 0.1977 0.0492 43.8807 42.9039 0.1579
2458139.178 0.1118 0.0492 43.8807 42.9039 0.1579
2458139.182 0.1802 0.0521 43.8807 42.9039 0.1579
2458139.187 0.1082 0.0418 43.8807 42.9039 0.1579
2458139.192 0.0238 0.0396 43.8807 42.9039 0.1579
2458139.196 0.0508 0.0459 43.8807 42.9039 0.1579
2458139.201 -0.0758 0.0433 43.8807 42.9039 0.1579
2458139.206 -0.1766 0.0354 43.8807 42.9039 0.1579
2458139.21 -0.1314 0.0399 43.8807 42.9039 0.1579
2458139.215 -0.2284 0.0386 43.8807 42.9039 0.1579
2458139.22 -0.2358 0.0388 43.8807 42.9039 0.1579
2458139.224 -0.2767 0.0451 43.8807 42.9039 0.1579
Continued on next page
32 Ferna´ndez-Valenzuela et al.
Table 2 – Continued from previous page
JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2458139.229 -0.2476 0.046 43.8807 42.9039 0.1579
2458139.233 -0.3469 0.0482 43.8807 42.9039 0.1579
2458139.238 -0.302 0.0492 43.8807 42.9039 0.1579
2458139.243 -0.2832 0.0403 43.8807 42.9039 0.1579
2458139.247 -0.2924 0.0374 43.8807 42.9039 0.1579
2458139.252 -0.2482 0.0357 43.8807 42.9039 0.1579
2458139.257 -0.2277 0.0339 43.8807 42.9039 0.1579
2458139.261 -0.1556 0.0345 43.8807 42.9039 0.1579
2458139.266 -0.0937 0.0338 43.8807 42.9039 0.1579
2458139.271 -0.0011 0.0361 43.8807 42.9039 0.1579
2458139.275 0.0673 0.0405 43.8807 42.9039 0.1579
2458139.28 0.1066 0.0388 43.8807 42.9039 0.1579
2458139.285 0.1769 0.0432 43.8807 42.9039 0.1579
2458139.289 0.3009 0.0471 43.8807 42.9039 0.1579
2458139.294 0.304 0.0438 43.8807 42.9039 0.1579
2458139.299 0.2149 0.0445 43.8807 42.9039 0.1579
2458139.303 0.2008 0.0462 43.8807 42.9039 0.1579
2458139.308 0.2014 0.0444 43.8807 42.9039 0.1579
2458139.312 0.1754 0.0439 43.8807 42.9039 0.1579
2458139.317 0.1429 0.0439 43.8807 42.9039 0.158
2458139.322 0.0909 0.0414 43.8807 42.9039 0.158
2458139.326 0.1368 0.0434 43.8807 42.9039 0.158
2458139.331 0.0462 0.0373 43.8807 42.9039 0.158
2458139.336 -0.0285 0.0367 43.8807 42.9039 0.158
2458139.34 -0.0462 0.0366 43.8807 42.9039 0.158
2458139.345 -0.0498 0.0357 43.8807 42.9039 0.158
2458139.35 -0.1843 0.0355 43.8807 42.9039 0.158
2458139.354 -0.1759 0.035 43.8807 42.9039 0.158
2458139.359 -0.1974 0.0352 43.8807 42.9039 0.158
2458139.364 -0.2382 0.0352 43.8807 42.9039 0.158
2458139.368 -0.2686 0.0342 43.8807 42.9039 0.158
2458139.373 -0.2448 0.0346 43.8807 42.9039 0.158
2458139.377 -0.2413 0.0344 43.8807 42.9039 0.158
2458139.382 -0.2026 0.0381 43.8807 42.9039 0.158
2458139.387 -0.2095 0.0354 43.8807 42.9039 0.158
2458139.391 -0.0627 0.0391 43.8807 42.9039 0.158
2458139.396 -0.1195 0.0398 43.8807 42.9039 0.158
2458139.401 0.0296 0.0476 43.8807 42.9039 0.158
2458139.405 0.0383 0.0514 43.8807 42.9039 0.158
2458139.41 0.1315 0.0537 43.8807 42.9039 0.158
2458139.415 0.2034 0.0525 43.8807 42.9039 0.158
2458139.419 0.2786 0.0601 43.8807 42.9039 0.158
2458139.424 0.1592 0.06 43.8807 42.9039 0.158
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2458139.429 0.2043 0.0612 43.8808 42.9039 0.158
2458139.433 0.2809 0.0664 43.8808 42.9039 0.158
2458139.438 0.1252 0.06 43.8808 42.9039 0.158
2458139.443 0.2132 0.0781 43.8808 42.9039 0.158
2458139.447 0.1526 0.0726 43.8808 42.9039 0.158
2458139.452 0.1667 0.0747 43.8808 42.9039 0.158
2458139.456 0.0184 0.0804 43.8808 42.9039 0.158
2458140.218 0.2487 0.0423 43.8808 42.9042 0.1597
2458140.223 0.2067 0.043 43.8808 42.9042 0.1597
2458140.227 0.1403 0.0395 43.8808 42.9042 0.1597
2458140.232 0.1666 0.0396 43.8808 42.9042 0.1597
2458140.237 0.0625 0.0365 43.8808 42.9042 0.1597
2458140.241 0.0601 0.036 43.8808 42.9042 0.1598
2458140.246 0.1138 0.0349 43.8808 42.9042 0.1598
2458140.25 0.0826 0.0366 43.8808 42.9042 0.1598
2458140.255 -0.0517 0.0319 43.8808 42.9042 0.1598
2458140.26 -0.0831 0.0273 43.8808 42.9042 0.1598
2458140.264 -0.1219 0.0298 43.8809 42.9042 0.1598
2458140.269 -0.1761 0.0289 43.8809 42.9042 0.1599
2458140.274 -0.2092 0.0306 43.8809 42.9042 0.1599
2458140.278 -0.2435 0.0291 43.8809 42.9042 0.1599
2458140.283 -0.2922 0.0266 43.8809 42.9042 0.1599
2458140.288 -0.2813 0.026 43.8809 42.9042 0.1599
2458140.292 -0.2704 0.0284 43.8809 42.9042 0.16
2458140.297 -0.324 0.0258 43.8809 42.9042 0.16
2458140.302 -0.3261 0.0262 43.8809 42.9042 0.16
2458140.306 -0.2433 0.0275 43.8809 42.9042 0.16
2458140.311 -0.221 0.0284 43.8809 42.9042 0.16
2458140.316 -0.2027 0.0294 43.8809 42.9042 0.16
2458140.32 -0.102 0.0324 43.8809 42.9042 0.1601
2458140.325 -0.1058 0.0315 43.8809 42.9042 0.1601
2458140.329 -0.0286 0.0325 43.8809 42.9042 0.1601
2458140.334 0.0882 0.0387 43.8809 42.9042 0.1601
2458140.339 0.1654 0.0379 43.8809 42.9042 0.1601
2458140.343 0.2762 0.0432 43.8809 42.9042 0.1602
2458140.348 0.2858 0.0411 43.8809 42.9043 0.1602
2458140.353 0.2429 0.0406 43.8809 42.9043 0.1602
2458140.357 0.3107 0.0431 43.8809 42.9043 0.1602
2458140.362 0.2396 0.0448 43.8809 42.9043 0.1602
2458140.367 0.1669 0.0423 43.8809 42.9043 0.1602
2458140.371 0.2588 0.0464 43.8809 42.9043 0.1603
2458140.376 0.2569 0.0452 43.8809 42.9043 0.1603
2458140.381 0.1307 0.0456 43.8809 42.9043 0.1603
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2458140.385 0.0891 0.0403 43.8809 42.9043 0.1603
2458140.39 0.0564 0.0413 43.8809 42.9043 0.1603
2458140.394 0.0238 0.0401 43.8809 42.9043 0.1603
2458140.399 -0.0255 0.0437 43.8809 42.9043 0.1604
2458140.404 -0.1053 0.0377 43.8809 42.9043 0.1604
2458140.408 -0.1347 0.0374 43.8809 42.9043 0.1604
2458140.413 -0.217 0.0329 43.8809 42.9043 0.1604
2458140.418 -0.2364 0.0352 43.8809 42.9043 0.1604
2458140.422 -0.2379 0.0363 43.8809 42.9043 0.1605
2458140.427 -0.2502 0.0407 43.8809 42.9043 0.1605
2458140.432 -0.2063 0.0427 43.8809 42.9043 0.1605
2458140.436 -0.213 0.0516 43.8809 42.9043 0.1605
2458140.441 -0.0395 0.061 43.8809 42.9043 0.1605
2458140.446 -0.1918 0.0472 43.8809 42.9043 0.1605
2458140.45 -0.1399 0.0535 43.8809 42.9043 0.1606
2458140.455 -0.0674 0.0577 43.8809 42.9043 0.1606
2458140.46 0.0023 0.0635 43.8809 42.9043 0.1606
2458140.464 0.1228 0.0759 43.8809 42.9043 0.1606
2458140.469 0.2575 0.0971 43.8809 42.9043 0.1606
2458141.12 0.0672 0.0555 43.881 42.9047 0.164
2458141.124 0.1162 0.0619 43.881 42.9047 0.164
2458141.129 0.1465 0.0653 43.881 42.9047 0.1641
2458141.133 0.2713 0.0647 43.881 42.9047 0.1641
2458141.138 0.2287 0.0622 43.881 42.9047 0.1641
2458141.143 0.2829 0.0632 43.881 42.9047 0.1642
2458141.147 0.2517 0.0617 43.881 42.9047 0.1642
2458141.152 0.2481 0.0581 43.881 42.9047 0.1642
2458141.157 0.2356 0.0603 43.881 42.9047 0.1642
2458141.161 0.1809 0.0587 43.881 42.9047 0.1643
2458141.166 0.0571 0.0542 43.881 42.9047 0.1643
2458141.171 0.0388 0.0498 43.881 42.9048 0.1643
2458141.175 0.0606 0.0449 43.881 42.9048 0.1644
2458141.18 0.1601 0.0505 43.881 42.9048 0.1644
2458141.185 0.0821 0.045 43.881 42.9048 0.1644
2458141.189 -0.1114 0.0359 43.881 42.9048 0.1644
2458141.194 -0.1334 0.0362 43.881 42.9048 0.1645
2458141.199 -0.1577 0.0383 43.881 42.9048 0.1645
2458141.203 -0.2526 0.0349 43.881 42.9048 0.1645
2458141.208 -0.2305 0.0323 43.881 42.9048 0.1646
2458141.212 -0.2714 0.031 43.881 42.9048 0.1646
2458141.217 -0.2493 0.0337 43.881 42.9048 0.1646
2458141.222 -0.2591 0.0382 43.881 42.9048 0.1646
2458141.226 -0.289 0.0299 43.881 42.9048 0.1647
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2458141.231 -0.2628 0.0305 43.881 42.9048 0.1647
2458141.236 -0.1803 0.0326 43.881 42.9048 0.1647
2458141.24 -0.1929 0.0314 43.881 42.9048 0.1648
2458141.245 -0.1443 0.0324 43.881 42.9048 0.1648
2458141.25 -0.0076 0.0384 43.881 42.9048 0.1648
2458141.254 0.094 0.0381 43.881 42.9048 0.1649
2458141.259 0.0934 0.0392 43.881 42.9048 0.1649
2458141.264 0.1741 0.0403 43.881 42.9048 0.1649
2458141.268 0.2082 0.0421 43.881 42.9048 0.1649
2458141.273 0.2217 0.0424 43.881 42.9048 0.165
2458141.277 0.2104 0.0435 43.881 42.9048 0.165
2458141.282 0.167 0.0413 43.881 42.9048 0.165
2458141.287 0.2129 0.0411 43.881 42.9048 0.1651
2458141.291 0.1435 0.041 43.881 42.9048 0.1651
2458141.296 0.0857 0.0403 43.881 42.9048 0.1651
2458141.301 0.1056 0.0376 43.881 42.9048 0.1651
2458141.305 0.0133 0.0374 43.881 42.9049 0.1652
2458141.31 -0.0267 0.0341 43.881 42.9049 0.1652
2458141.315 -0.0232 0.0346 43.881 42.9049 0.1652
2458141.319 -0.074 0.036 43.881 42.9049 0.1653
2458141.324 -0.1666 0.0332 43.881 42.9049 0.1653
2458141.329 -0.2267 0.031 43.881 42.9049 0.1653
2458141.333 -0.2714 0.029 43.881 42.9049 0.1654
2458141.338 -0.2641 0.0318 43.881 42.9049 0.1654
2458141.343 -0.2306 0.0326 43.881 42.9049 0.1655
2458141.347 -0.2942 0.0302 43.881 42.9049 0.1655
2458141.352 -0.31 0.0301 43.881 42.9049 0.1655
2458141.356 -0.2926 0.0282 43.881 42.9049 0.1656
2458141.361 -0.278 0.0307 43.881 42.9049 0.1656
2458141.366 -0.2499 0.0328 43.881 42.9049 0.1656
2458141.37 -0.2235 0.0332 43.881 42.9049 0.1657
2458141.375 0.0216 0.0416 43.881 42.9049 0.1657
2458141.38 -0.0856 0.0397 43.881 42.9049 0.1657
2458141.384 0.057 0.0451 43.881 42.9049 0.1658
2458141.389 0.0874 0.0468 43.881 42.9049 0.1658
2458141.394 0.2065 0.0542 43.881 42.9049 0.1658
2458141.398 0.3891 0.065 43.881 42.9049 0.1659
2458141.403 0.2619 0.0563 43.881 42.9049 0.1659
2458141.408 0.366 0.0591 43.881 42.9049 0.1659
2458141.412 0.2252 0.0543 43.881 42.9049 0.166
2458141.417 0.2628 0.0544 43.881 42.9049 0.166
2458141.422 0.2166 0.0554 43.881 42.9049 0.166
2458141.426 0.3787 0.0635 43.881 42.9049 0.1661
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2458519.074 -0.2499 0.0243 43.9262 42.9777 0.3487
2458519.079 -0.1928 0.0185 43.9262 42.9777 0.3488
2458519.084 -0.124 0.0213 43.9262 42.9777 0.3489
2458519.09 -0.0549 0.0214 43.9262 42.9777 0.349
2458519.095 -0.0042 0.0245 43.9262 42.9778 0.3491
2458519.1 0.1075 0.02 43.9262 42.9778 0.3492
2458519.105 0.1897 0.0275 43.9262 42.9778 0.3493
2458519.111 0.2661 0.0204 43.9262 42.9778 0.3494
2458519.116 0.2248 0.0211 43.9262 42.9779 0.3495
2458519.232 0.0903 0.0199 43.9262 42.9784 0.3518
2458519.237 0.2089 0.0219 43.9262 42.9784 0.3519
2458519.242 0.2199 0.0186 43.9262 42.9784 0.352
2458519.247 0.2301 0.0188 43.9262 42.9784 0.3521
2458519.252 0.2364 0.017 43.9262 42.9784 0.3522
2458519.257 0.2002 0.0248 43.9262 42.9785 0.3523
2458519.263 0.1486 0.0202 43.9262 42.9785 0.3524
2458519.268 0.1741 0.0197 43.9262 42.9785 0.3525
2458519.273 0.1149 0.0192 43.9262 42.9785 0.3526
2458519.278 0.0668 0.0196 43.9262 42.9785 0.3527
2458519.283 0.048 0.0199 43.9262 42.9786 0.3528
2458519.288 -0.0432 0.0167 43.9262 42.9786 0.3529
2458519.294 -0.1133 0.0167 43.9263 42.9786 0.353
2458519.299 -0.1357 0.0166 43.9263 42.9786 0.3531
2458519.304 -0.1965 0.0196 43.9263 42.9787 0.3532
2458519.31 -0.1939 0.0155 43.9263 42.9787 0.3533
2458519.315 -0.243 0.015 43.9263 42.9787 0.3534
2458519.32 -0.2937 0.0187 43.9263 42.9787 0.3535
2458519.325 -0.3062 0.0162 43.9263 42.9788 0.3536
2458519.33 -0.2953 0.0179 43.9263 42.9788 0.3537
2458519.335 -0.2571 0.0162 43.9263 42.9788 0.3538
2458519.34 -0.2347 0.0191 43.9263 42.9788 0.3539
2458519.345 -0.1291 0.023 43.9263 42.9788 0.354
2458519.353 -0.0911 0.0223 43.9263 42.9789 0.3542
2458519.358 0.0198 0.0214 43.9263 42.9789 0.3543
2458519.363 0.0592 0.0261 43.9263 42.9789 0.3544
2458519.368 0.173 0.0205 43.9263 42.9789 0.3545
2458519.373 0.2346 0.023 43.9263 42.979 0.3546
2458519.378 0.2581 0.0218 43.9263 42.979 0.3547
2458519.383 0.2638 0.0219 43.9263 42.979 0.3548
2458519.39 0.2565 0.0234 43.9263 42.979 0.355
2458519.395 0.2268 0.0223 43.9263 42.9791 0.3551
2458519.4 0.1919 0.0248 43.9263 42.9791 0.3552
2458519.405 0.1986 0.0231 43.9263 42.9791 0.3552
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2458519.41 0.1541 0.0234 43.9263 42.9791 0.3553
2458519.416 0.086 0.0288 43.9263 42.9791 0.3554
2458519.421 0.0739 0.0262 43.9263 42.9792 0.3555
2458519.426 0.0357 0.0229 43.9263 42.9792 0.3557
2458519.431 -0.0592 0.0226 43.9263 42.9792 0.3558
2458519.437 -0.0798 0.0217 43.9263 42.9792 0.3558
2458519.442 -0.1503 0.0223 43.9263 42.9793 0.3559
2458519.447 -0.1931 0.0245 43.9263 42.9793 0.356
2458519.452 -0.1743 0.0351 43.9263 42.9793 0.3561
2458519.457 -0.2077 0.0261 43.9263 42.9793 0.3562
2458519.462 -0.2145 0.0254 43.9263 42.9793 0.3563
2458519.468 -0.2234 0.0264 43.9263 42.9794 0.3565
2458519.474 -0.1906 0.039 43.9263 42.9794 0.3566
2458519.479 -0.1058 0.0304 43.9263 42.9794 0.3567
2458519.484 -0.0013 0.0434 43.9263 42.9794 0.3568
2458520.074 0.0418 0.0227 43.9263 42.982 0.3685
2458520.08 0.0158 0.024 43.9263 42.9821 0.3686
2458520.086 -0.0637 0.0218 43.9263 42.9821 0.3687
2458520.091 -0.1388 0.0201 43.9263 42.9821 0.3688
2458520.097 -0.1937 0.0274 43.9263 42.9821 0.369
2458520.104 -0.2297 0.0223 43.9263 42.9822 0.3691
2458520.11 -0.2874 0.0198 43.9263 42.9822 0.3692
2458520.116 -0.3039 0.0233 43.9263 42.9822 0.3694
2458520.122 -0.2785 0.0338 43.9263 42.9823 0.3695
2458520.127 -0.2551 0.0243 43.9264 42.9823 0.3696
2458520.133 -0.2161 0.0223 43.9264 42.9823 0.3697
2458520.142 -0.1074 0.0189 43.9264 42.9824 0.3699
2458520.148 -0.0424 0.0278 43.9264 42.9824 0.37
2458520.154 0.0335 0.0279 43.9264 42.9824 0.3701
2458520.16 0.1178 0.0192 43.9264 42.9824 0.3702
2458520.166 0.239 0.031 43.9264 42.9825 0.3703
2458520.171 0.241 0.0261 43.9264 42.9825 0.3705
2458520.177 0.2538 0.0202 43.9264 42.9825 0.3706
2458520.183 0.214 0.0233 43.9264 42.9825 0.3707
2458520.189 0.2365 0.0233 43.9264 42.9826 0.3708
2458520.194 0.1887 0.0261 43.9264 42.9826 0.3709
2458520.2 0.1606 0.0245 43.9264 42.9826 0.371
2458520.206 0.1164 0.0238 43.9264 42.9826 0.3711
2458520.213 0.0767 0.0257 43.9264 42.9827 0.3712
2458520.218 -0.0178 0.0246 43.9264 42.9827 0.3714
2458520.224 -0.0854 0.0194 43.9264 42.9827 0.3715
2458520.23 -0.1342 0.0195 43.9264 42.9828 0.3716
2458520.236 -0.1983 0.0217 43.9264 42.9828 0.3717
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2458520.242 -0.2314 0.0208 43.9264 42.9828 0.3718
2458520.248 -0.246 0.0242 43.9264 42.9828 0.3719
2458520.253 -0.2441 0.02 43.9264 42.9829 0.372
2458520.259 -0.2322 0.0278 43.9264 42.9829 0.3722
2458520.265 -0.1722 0.0245 43.9264 42.9829 0.3723
2458520.271 -0.135 0.0233 43.9264 42.9829 0.3724
2458520.276 -0.0891 0.0218 43.9264 42.983 0.3725
2458520.282 0.0076 0.0231 43.9264 42.983 0.3727
2458520.288 0.0879 0.0241 43.9264 42.983 0.3728
2458520.294 0.1373 0.0341 43.9264 42.983 0.3729
2458520.3 0.1973 0.0243 43.9264 42.9831 0.373
2458520.306 0.2022 0.0231 43.9264 42.9831 0.3731
2458520.312 0.2122 0.0273 43.9264 42.9831 0.3732
2458520.317 0.1785 0.0273 43.9264 42.9831 0.3734
2458520.323 0.1408 0.0255 43.9264 42.9832 0.3735
2458520.329 0.1024 0.0242 43.9264 42.9832 0.3736
2458520.335 0.079 0.0266 43.9264 42.9832 0.3737
2458520.34 0.0236 0.0281 43.9264 42.9833 0.3738
2458520.346 -0.0135 0.0293 43.9264 42.9833 0.3739
2458520.352 -0.0825 0.0224 43.9264 42.9833 0.374
2458520.358 -0.1448 0.0289 43.9264 42.9833 0.3741
2458520.364 -0.1634 0.0357 43.9264 42.9834 0.3742
2458520.369 -0.1779 0.0328 43.9264 42.9834 0.3744
2458520.375 -0.2067 0.0546 43.9264 42.9834 0.3745
2458520.381 -0.234 0.064 43.9264 42.9834 0.3746
2458520.387 -0.1953 0.0918 43.9264 42.9835 0.3747
2458520.392 -0.1648 0.0765 43.9264 42.9835 0.3748
2458520.399 -0.1041 0.075 43.9264 42.9835 0.375
2458520.405 -0.1074 0.0985 43.9264 42.9836 0.3751
2458520.41 0.0217 0.1077 43.9264 42.9836 0.3752
2458520.416 -0.0298 0.0952 43.9264 42.9836 0.3754
2458520.422 0.2635 0.0984 43.9264 42.9836 0.3755
2458520.428 0.3103 0.0937 43.9264 42.9837 0.3756
2458521.059 -0.1716 0.0597 43.9265 42.9866 0.3882
2458521.064 -0.1316 0.0577 43.9265 42.9867 0.3883
2458521.07 -0.0053 0.0656 43.9265 42.9867 0.3884
2458521.076 0.0668 0.0679 43.9265 42.9867 0.3885
2458521.082 0.1242 0.0678 43.9265 42.9867 0.3886
2458521.088 0.2154 0.0722 43.9265 42.9868 0.3888
2458521.094 0.1239 0.0637 43.9265 42.9868 0.3889
2458521.1 0.2784 0.0767 43.9265 42.9868 0.389
2458521.106 0.1562 0.0645 43.9265 42.9869 0.3891
2458521.111 0.1233 0.0547 43.9265 42.9869 0.3892
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2458521.117 0.0407 0.0478 43.9265 42.9869 0.3893
2458521.123 0.0906 0.0572 43.9265 42.9869 0.3894
2458521.129 0.1166 0.0532 43.9265 42.987 0.3895
2458521.135 -0.0264 0.0424 43.9265 42.987 0.3897
2458521.141 -0.0853 0.0388 43.9265 42.987 0.3898
2458521.147 -0.0853 0.0413 43.9265 42.9871 0.3899
2458521.153 -0.191 0.0355 43.9265 42.9871 0.3901
2458521.158 -0.2144 0.034 43.9265 42.9871 0.3902
2458521.164 -0.3218 0.0313 43.9265 42.9871 0.3903
2458521.17 -0.311 0.0312 43.9265 42.9872 0.3904
2458521.176 -0.3112 0.0303 43.9265 42.9872 0.3905
2458521.182 -0.2482 0.035 43.9265 42.9872 0.3907
2458521.188 -0.2313 0.0319 43.9265 42.9872 0.3908
2458521.194 -0.1935 0.0321 43.9265 42.9873 0.3909
2458521.199 -0.0856 0.0323 43.9265 42.9873 0.391
2458521.205 -0.0477 0.0324 43.9265 42.9873 0.3911
2458521.211 0.0157 0.0356 43.9265 42.9874 0.3912
2458521.217 0.0672 0.0323 43.9265 42.9874 0.3914
2458521.223 0.1966 0.0348 43.9265 42.9874 0.3915
2458521.229 0.2023 0.0376 43.9265 42.9874 0.3916
2458521.235 0.1742 0.0428 43.9265 42.9875 0.3917
2458521.241 0.1764 0.0335 43.9265 42.9875 0.3919
2458521.246 0.1556 0.0352 43.9265 42.9875 0.392
2458521.252 0.1999 0.0389 43.9265 42.9876 0.3921
2458521.258 0.1413 0.0429 43.9265 42.9876 0.3922
2458521.264 0.1099 0.0368 43.9265 42.9876 0.3923
2458521.27 0.0968 0.0426 43.9265 42.9876 0.3924
2458521.276 0.0001 0.0387 43.9265 42.9877 0.3926
2458521.282 -0.0669 0.0425 43.9265 42.9877 0.3927
2458521.288 -0.1377 0.0488 43.9265 42.9877 0.3928
2458521.293 -0.1373 0.0446 43.9265 42.9878 0.3929
2458521.299 -0.1995 0.0389 43.9265 42.9878 0.393
2458521.305 -0.2083 0.0351 43.9265 42.9878 0.3931
2458521.311 -0.2308 0.0428 43.9265 42.9878 0.3932
2458521.317 -0.1512 0.0471 43.9265 42.9879 0.3934
2458521.323 -0.1233 0.0657 43.9265 42.9879 0.3935
2458521.329 -0.1307 0.0474 43.9265 42.9879 0.3936
2458521.334 0.0167 0.0496 43.9265 42.988 0.3937
2458521.34 0.075 0.0529 43.9265 42.988 0.3938
2458521.346 0.1581 0.0544 43.9265 42.988 0.3939
2458521.352 0.2341 0.0549 43.9265 42.988 0.3941
2458521.358 0.1436 0.0584 43.9265 42.9881 0.3942
2458521.364 0.2908 0.0684 43.9265 42.9881 0.3943
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JD Rel. mag. err. rH ∆ α
(mag) (mag) (au) (au) (deg)
2458521.37 0.3085 0.0606 43.9265 42.9881 0.3944
2458521.376 0.2677 0.0569 43.9265 42.9882 0.3946
2458521.381 0.1849 0.063 43.9265 42.9882 0.3947
2458521.387 0.1686 0.0541 43.9265 42.9882 0.3948
2458521.393 0.1175 0.0658 43.9265 42.9882 0.3949
2458521.399 0.0482 0.0809 43.9265 42.9883 0.395
2458521.405 -0.0554 0.0697 43.9265 42.9883 0.3951
2458521.411 -0.2057 0.071 43.9265 42.9883 0.3953
2458521.417 -0.1622 0.0728 43.9265 42.9884 0.3954
2458521.423 -0.1569 0.0871 43.9265 42.9884 0.3955
2458521.429 -0.2588 0.1131 43.9265 42.9884 0.3956
2458523.061 0.2491 0.0406 43.9267 42.9968 0.4285
2458523.065 0.1274 0.0356 43.9267 42.9969 0.4286
2458523.07 0.1899 0.0304 43.9267 42.9969 0.4287
2458523.075 0.2531 0.0324 43.9267 42.9969 0.4288
2458523.08 0.2286 0.0332 43.9267 42.9969 0.4289
2458523.085 0.1985 0.0274 43.9267 42.997 0.429
2458523.089 0.2004 0.0271 43.9267 42.997 0.4291
2458523.094 0.2303 0.0252 43.9267 42.997 0.4292
2458523.099 0.186 0.0242 43.9267 42.997 0.4293
2458523.104 0.1764 0.0251 43.9267 42.9971 0.4294
2458523.109 0.0849 0.0258 43.9267 42.9971 0.4295
2458523.113 0.0803 0.0227 43.9267 42.9971 0.4296
2458523.118 0.0403 0.0201 43.9267 42.9971 0.4297
2458523.123 -0.0478 0.0234 43.9267 42.9972 0.4298
2458523.128 -0.061 0.0233 43.9267 42.9972 0.4299
2458523.133 -0.145 0.0188 43.9267 42.9972 0.43
2458523.137 -0.1803 0.0177 43.9267 42.9972 0.4301
2458523.142 -0.2398 0.0166 43.9267 42.9973 0.4302
2458523.147 -0.2727 0.0173 43.9267 42.9973 0.4303
2458523.152 -0.2746 0.0188 43.9267 42.9973 0.4304
2458523.157 -0.3121 0.0175 43.9267 42.9973 0.4305
2458523.161 -0.2869 0.0169 43.9267 42.9974 0.4306
2458523.166 -0.2623 0.0174 43.9267 42.9974 0.4307
2458523.171 -0.225 0.0181 43.9267 42.9974 0.4308
2458523.176 -0.166 0.0162 43.9267 42.9974 0.4308
2458523.181 -0.1159 0.0164 43.9267 42.9975 0.4309
2458523.185 -0.0837 0.0191 43.9267 42.9975 0.431
2458523.19 0.0267 0.0189 43.9267 42.9975 0.4311
2458523.195 0.087 0.0209 43.9267 42.9976 0.4312
2458523.2 0.1645 0.0219 43.9267 42.9976 0.4313
2458523.204 0.2159 0.0255 43.9267 42.9976 0.4314
2458523.209 0.1839 0.0253 43.9267 42.9976 0.4315
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2458523.214 0.2119 0.0237 43.9267 42.9977 0.4316
2458523.219 0.2274 0.0291 43.9267 42.9977 0.4317
2458523.224 0.191 0.0304 43.9267 42.9977 0.4318
2458523.228 0.1489 0.0264 43.9267 42.9977 0.4319
2458523.233 0.1171 0.0279 43.9267 42.9978 0.432
2458523.238 0.1119 0.028 43.9267 42.9978 0.4321
2458523.243 0.0597 0.0279 43.9267 42.9978 0.4322
2458523.248 0.0371 0.0254 43.9267 42.9978 0.4323
2458523.252 -0.0048 0.0262 43.9267 42.9979 0.4324
2458523.257 -0.0929 0.0255 43.9267 42.9979 0.4325
2458523.262 -0.1198 0.0212 43.9267 42.9979 0.4326
2458523.267 -0.1739 0.0242 43.9267 42.9979 0.4327
2458523.271 -0.2189 0.0206 43.9267 42.998 0.4328
2458523.276 -0.2537 0.0184 43.9267 42.998 0.4329
2458523.281 -0.2497 0.0233 43.9267 42.998 0.433
2458523.286 -0.2702 0.0166 43.9267 42.998 0.4331
2458523.291 -0.2755 0.0175 43.9267 42.9981 0.4331
2458523.305 -0.2077 0.0199 43.9267 42.9982 0.4335
2458523.31 -0.1673 0.0207 43.9267 42.9982 0.4336
2458523.315 -0.0815 0.0211 43.9267 42.9982 0.4337
2458523.319 -0.0001 0.0231 43.9267 42.9982 0.4338
2458523.324 0.0706 0.0263 43.9267 42.9983 0.4339
2458523.329 0.2102 0.0329 43.9267 42.9983 0.434
2458523.334 0.2358 0.0299 43.9267 42.9983 0.4341
2458523.338 0.3029 0.0347 43.9267 42.9983 0.4342
2458523.343 0.3174 0.0333 43.9267 42.9984 0.4343
2458523.348 0.2847 0.0345 43.9267 42.9984 0.4343
2458523.353 0.241 0.036 43.9267 42.9984 0.4344
2458523.358 0.2411 0.0375 43.9267 42.9984 0.4345
2458523.367 0.2313 0.0356 43.9267 42.9985 0.4347
2458523.372 0.2276 0.039 43.9267 42.9985 0.4348
2458523.377 0.1985 0.0411 43.9267 42.9985 0.4349
2458523.381 0.1505 0.0389 43.9267 42.9986 0.435
2458523.386 0.1637 0.0429 43.9267 42.9986 0.4351
2458523.391 0.0826 0.0482 43.9267 42.9986 0.4352
2458523.396 -0.0117 0.0383 43.9267 42.9986 0.4353
2458523.4 -0.0432 0.0343 43.9267 42.9987 0.4354
2458523.405 -0.1212 0.04 43.9267 42.9987 0.4354
2458523.41 -0.2062 0.0377 43.9267 42.9987 0.4355
2458523.415 -0.1654 0.0336 43.9267 42.9988 0.4356
2458523.42 -0.2075 0.0451 43.9267 42.9988 0.4357
2458523.424 -0.187 0.0492 43.9267 42.9988 0.4358
2458523.429 -0.1937 0.0502 43.9267 42.9988 0.4359
